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{ v <• ^ s ned b <.<>r m 
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2 RObsrs 3X aboeatio binding pairs. Che present invert 

also relates to the bio logical binding molecules produced by 
chase merhods . 

Owing to their high specificity for a civets antigen, 
-he ad t of sen sna ikj >di< Kohl \ Milstein 

10 C; 1975 Nature a 56; 495} represented a significant technical 
break- through with important consequences both 
3 i 1 tally"; 

Monoclonal antibodies arc traditionally made bv 
establishing an immortal mammalian call line which is 
J. 6 derived from a single immunoglobulin erode cine ceil 
secret, no *■ ~ou - \ 4 - ^ , 

molecule with a particular specificity. Because the 
..-I n?»nal a,„ seal . , , T s the 

the snt.il atr; rre rr > 
10 to hatch. The key properties of monoclonal antibodies are 
their specificity for a particular antioan and the 
reproducibility with which they can be manufactured. 

Structurally, the simplest antibody (IaG) comprises 
I' our polypeptide chains, two neavy { H 5 Chains and two iieht 
2s (b) chains inter -connected by da-, bonds < as i 

X) - The 1 -§" t chains exist in two distinct f crass called 
\ ) - lean chain has a constant region 
CO and a variable region <V}» Each chain is organised into 
a serxes of domains, -Tha light chains have two domains, 
an * < s , >c v is 31 v t thi e sion. 

The neavy chains have four domains, cue corresponding to the 
v region and three domains (1,2 and 3 5 in the C region. The 
anriooay has two arms (each arm being a Fab reaiom . each of 
s a VL end a VH region associated with each, other, 
35 x " is thxs ? air of V regions (VL and VH j that differ "free 
.ay to anothex owina to amino sold ecmenee 
< - . ^^if 
recognising the antigen ana providing an anticen cindxnc 
In even more detail, each V ration is cade up 
40 from three complementarity determining "regions { COR ) 
r^wt „u„\'u > w 

most variable part of the variable regions . and thay perform 

ihc "OR « ' 

" ^ ~- ex Lis eou « ia , 

i:; complex process involving recombination, mutation and 
selection. 

It has been shown that ran function of binding antigens 
* " > - a, „ 

-•ptcucg N ~ > ! ere U -ne a. frageenc consisting of ice 
iu I H a :.HI sau i e Fd f moment -sc- 

ot the VH and CHI domains; ; iii } the Fv fracment consist ina 
oi the VL aoa VH domains of a single arm of an antihodv, 
" * ■ * " >- oner t Ward " . c » <. t a~ . V - . l ~ 
546 voice consists of a VH domain? : v » isolated CDR 
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reoions; and (vi) F{afo' h, fragments, a feivaient f u 
. i r s v 5 i - 

*Althouan the w aomaans >f :h« Fv fraqmem are coded 
5 for by sscsrate qenes, it has proved possible to make a 
svathetic linker that enables them co be made is a single 
-rotein chain 'Known as sinaie chain Fv < scFv } ; Bird, R.fA 
at al,. Science 242, 423-426 U988) Huston, OAS, at as*, 
Proc. Natl. AcaoTSci... USA 85, 5879 •• 5883 U988 }) by 
10 recombinant methods. These scFv fragments were assembles 
from genes from monoclone is that had been previously 
isolated. in this application the s describe a 

oma n~ 

that are not part of an antibody that has been previously 
IS isolated.. 

Whilst monoclonal antibodies, their fragments ana 
» s s iv ibqx there are 

v> N th(?Tt 

Firstly, the therapeutic applications of monoclonal 
20 antibodies produced by human immortal ceil lines colds great 
atomise ::or the treatment of a wide range of diseases 

Edited b\ 

KA S. Leanest. British Medical Bulletin 1984, Publishers 
Churchill Livmcstone;. Unfortunately, immortal antibody- 

25 produGino human ceil lines are very difficult to astab ish 

ntibod j ately i 

ug/ml 5 - * In contrast , equivalent rodent call lines yield 
high amounts of antibody (approximately .100 ug/aiK 
However., the repeated administration of these foreign 

30 rodent urate ins to humans can lead to harmful 
hypersensitivity reactions. Xa the main therefore, these 
rodent-derived monoclonal antibodies have limited 
vise « 

Secondly, a key aspect u$ o-*.~ o«v 

55 antibodies is how many different clones of antibody 
producinq ceils with different specificities, can be 
h as era c ared ? ho a n\ 

~"S to he sample I In ordss to iso eels 
esire s. f icit 

40 characteristics {Mils tela, CA , Royal Son, Croonxan lecture, 
Pros. F . See. London 8 . 259; 1-16,. (1990)). For example, 
ifr'eren s «xprc ny one 

cvt t is rhoug 

„ x prcxin 0 ant hi is c tai propo > m\ 

45 i tb < «- however 

durias the isolation of a typical antibody producing cell 

3 >le to 

worse in the human., where one has approximately i' 1 * 
50 lymphocyte specificities, with the limitation on sampling of 

or on.: oas been alleviated to some extent in 

c < v the ase or menus i sation regales. 

Thus, where one wants to produce monoclonal antibodies 

55 having a specificity against a particular epitome, in ~ 
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- ' - tot The 

animal will then sotint an immune response acainst the 
immunogen and there will be a prolif ©ration of lymphocytes 
which . w ~ pitO ^ 

:i -^:?r^t \on ct -vrrcv ry :t,„ , ; ~~ - t •> ^ 0 / : J ~ w ^ , y " 

it becomes easier v.< i^rect . er in the samoiirsg procedure i 
However, this approach is not successful in " all "cases . as a 
suitable ioo»inogsn >.«y not be available, Furthermore . where 
one wants o pr < t ecr fox 

therapeutic administration as previously discussed), such an 
approach is not practically., or ethically, feasible. 

In the .Last tew years, these problems have in part, 
seen addressed by the application of recombinant Bna methods 
to the isolation and production of e.a. antibodies and 
fragments or antibodies with antigen bindinu ability, in 
bacters 

This simple substitution of Immortalised ceils with 
bacterial cells as the ! factor-, 

procedures tor preparing large amounts of binding molecules. 
Furthermore, a recombinant production system allows scone 
for producing tailor-made antibodies and fragments thereof. 
For example, it is possible to reduce throaerii > - 
with new c i ling and affeetox fund 

* 'riles (e.g. murine variable region 
with human constant domains or murine- antibody CORs grec . u. 
onto a human FR3 and novel antigen-ba-n" 
Furthermore, the use of polymerase chain reaction i PCR i 
-r -u\on (Saiki, R,K., et al.. Science 239, 487-49.1 
f 1988 } j to isolate antibody producing segue n cells 

5 e.g. hyforidomas and b ceils} has great potential for 

g up the timeseaia uneer -. 
:;.soiateo. wfied VH and VL genes are cloned directly 

into vectors for expression in bacteria or mammalian cells 
v — °- — - ' ?roc. Natl. Acad, Sci.. USA 86. 

S.3., er at., .ggo supm - jrr.sk .W, e- 
al., 1989, Bioehem, Siopfays. Res. Commun , 160., 1250-1255; 
Sasrry, L, st si.. 1989, Proe. hati. Acad. Sci . , USA. , 85. 
D/u>s~a?3l .; . Soluble antibody fragments secreted from 
bacteria are then screened hot bindi.no activities. 

However, like una production system based upon 
immortalised cells., the recombinant production, system still 
- o- c , , ~ _ . > 

-~-o- a increase the 
i~si.eo spec-. 

son! " * - % an spacer na to rha so ruenmc 

>~ >• * < ,-nr to H and b chain 

"ri.a^i f iv.a nd 
sndom co itc 1 mannei pa 
' r « - ^a' rc 'Zol 

W09Q/14443:j &09Q/14424 and WO90/14430 ) . Crucially however. 
th « j formarior 3 c rhir aci -ceil ameiv the ->r 
pairing or one L chain with one H chain,, is lost. "This 
loses some, of the advantage gained bv asxnq _r 
or ore— « - Curreni 

fros single sma.3 s a^os' *axr 1 S, or ai 
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Sttpra. ; do not suffer this drawback.. However, oecause not 
a it >. VH domains are caoabie or binding antigen, sore 
- v :o - In addition, ooc -rosisa c- directly 

scrsesung cany aiffsrent specif icxtiss in prokaryotas 
5 remaixis to be solved, 

- z e - - . rs.r -ni.ro 

jiiox c s * 5ther 

t«c would allow ie sampiixig o- vers 
larae nusbsrs: oi specificities f eg 10° ana higher ) . rapid 
10 Diung round i ~«e 

""gene d i cuie f rs one 

stage oi ructx c i n Cagt 

The most attractive candidates for this type of 
-c«!«rv ; ' t - - o >v - . - <w*„r* * t t <~ •» urow 

15 quickiv, " are relatively simple to manipulate and because 
large numbers of clones can be created 5 which express and 

sal binding gc naj ~ eon an 
item SB 

1 < v - < c-~ express w« * -» " est o^. 

20 of the variable H and L chain genes of isanunogiobu i.ins were 
disclosed. However, the protein was «prsss« 
intraeelluiarlv and *as insoiuhl - no proieou 

ing to ganer i Cody t ra 

with hxneitno activity and this generated material witn only 
25 h >, i \ xp»c red to mti. o . 

traqcents at tnis concentration, it has already been shown 
that antibody fragments can be secreted through bacterial 
membranes -.vice the appropriate signal peptide {Skerrft, A. 
and PXucfcthun, &. 1988 Science 240 1038-1040; Better, M et 
30 al 1988, Science 246 10.41-10431 with a consequent inco 

in the \ * ) activity of antibody fragments. These 
e icd ividusl clones for binding 

t . the same way as do mouse a nccionai nci. bodies. 
It* has nor seen shown however, how a functional binding 
35 «■ — ^ 

etc can be held on the bacterial surface in a configuration 
or say it*. t- -cm .cierto « 

-ones with desirable properties. In 
large part, this is because the bacterial surface is a 
40 ootoe:< tn dm se grar aaatn ;an sms there 

is an outer wail which further complicates t.ne position. 

at been >w it c soma s 

wxi_ -rr.\r.:y wnen expressed as s fusion with a 

surf see ororain of bacteria or bacteriophage, 
45 Bacteriophage are attractive prokaryote related 

02 ar rm.- in: ■ r... :-vr? : sc; en ng. In jenes hi tneir 
~- -~ ~ " " 1 v "" v,n 

irge nucr t rt t - 1 t < <• i --a.) 

handling involved in many potential mass screening 
50 orogrammas, sod raey carry genetic lore t :m,s tics tor their own 
synthesis ~ „' ~ -< > , simple package. The difficulty 
has been to practa.ca.ily solve the problem of how to use 
aas a this manner. t Genes C M-poratton patent 
appi stic r 8/06630 na z pose hat t e 

55 oaersriopnage j-raoas wcuxd be « suits bis ehrcie tor the 
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expression of antibody molecules, box they do not: orovide a 
teaching which enables the general idea to be carried out. 
For example W088/05630 dees not demonstrate that any 
sequences: (a) have, been expressed as a fusion with gene V; 
5 (b) have been expressed on the surface of lambda; and (c) 
have been expressed so that the protein retains biological 
activity. Furthermore there is no teaching on how to so; a - 
for suitable fusions, fclsa, since the lambda virions are 
assembled within the cell, the fusion protein would be 
10 expressed int recall alar ly and would be predicted to be 
inactive. Sass et al. ( in December .1990 (after the earliest 
priority date for the p> tic: 

part of gene XXI of the filamentous bacterioonaoe MX 3 and 
inserting the coding sequence for human growth hormone ChGH) 

15 into the N -terminal site of the gene, The growth hormons 
displayed by Mi 3 was shown to he functional . iSass, S,., et 
el. Proteins, Structure, Function and Genetics (1990 5 8? 
309-3X4}. A functional copy of gene 111 was always present 
in addition, when' this fusion was expressed, A Protein 

20 Engineering Corporation patent application WO 90 0 

proposes the insertion of the coding sequence for bovine 
pancreatic trypsin inhibitor (BPTX) into gene VIII of MX 3. 
However,, the proposal was not shown to be operative. For 
example, there is .no depssistration of the expression of 'BPTX 

25 sequences as fusions with protein VIII and" display on the 
surface of M13, Furthermore this document teaches that when 
a fusion is made with gene XII, it is necessary to use a 
second synthetic copy of gen® III. so that some unaltered 
gene III protein will be present. The ernbodiments of the 

30 present application do not do this. In embodiments where 
phagemid is rescued with M13K07 gene XIX deletion phage, 
there is no unaltered gene XIX present. 

W090/02809 also teaches that phagemids that do not 
contain the full genome of HlZ and require rescue by 

35 coinfection with helper phage are not suitable for these 
purposes because coinfection could lead to recombination. 

in all embodiments where the present applicants have 
used phagemids, they have used, a helper phage and the only 
sequences derived from filamentous h i hag< the 

40 phagamids are the origin of replication and ' pane III 
sequences , 

b — h1 so teaches that their process needed 
information such as nucleotide sequence of the starting 
molecule and its three-dimensioned structure, The use of a 

4S " ^c ' < ♦ f binding mole , to select for 

binding member, such as is disclosed herein, for example 
using 5n immunoglobulin gene repertoire of animals, sas not 
o scicsed Pus her, fchep ic ot discuss favouring 
v "> ! hc„_ , r \ >e in natural blocks of 

50 variation such as CDRs of immunoglobulins, \n order to 
favour generation, of improved molecules and prevent 
unfavourable variations. ' WO90/02809 also specifically 
excluded the application of their process to tbe production 
of scFv molecules. 

55 In each of the above discussed patents (WO88/06630 and 



WO 92/0104? 



PCT/GB91/01134 



WO90/02809), the protein proposed for display xs a singo.® 
polvpeoti&e chain. There is no disclosure or a methoa for 
the* disolay of a dimeric molecule by expression af one 
3 *s i! ore with a capsid protein and the other 
protein in a tree form* 

Another disclosure he is a the 

aa 1 
dsscnbss the insertion into gene till of H13, taa coding 
sequences for one of the two chains of the Feb portion of an 
anaiboov with oo~esoression. of the other free a planned. 
The two chains were demonstrated as being expresses as a 
functional Fate iraaraent on the surface of the phage (hang 
LS, at al., (1993.) Proe. Natl, head. Sci, USA, 88 p43»3~ 
4366). No disclosure was made of the site of insertion, into 
gene VIII and the assay for pAb binding activity by EL ISA 
used a reaqent: specific tor snribody L Cham rather than tor 
snaoe. A fsrtner disclosure published in Maron 1991 fatter 
the earliest priority date for the ; resent a 
describes the "insertion of a fragment of the AIDS virus 
protein caq into the N~terminal portion of gene III of the 
bacteriophage ffi* The. expression of the gag protein 
fragment wss detected by imaunoio^ricsai methods, but it was 
not" shown whether or not the protein was expressed -n a 
functional form { Tsunetsug-u-Yokota Y et al , (1991) Gene 99 
p2Sl-285), 

The cronies of how to use feaet 
in. fact a* difficult one. The protein ssust be inserted into 
the phage in such a way that the integrity of the phage coat 
is not" undermined , and the protein itself should he 
functional -retaining its biological activity with respect to 
antiaen bind! no. Thus, where the protein of choi.ee is en 
antibody, it should fold efficiently and correctly ana be 
- rind^nc. Solving the problem for 
untcr-eo- noiecuies and fragments would also provide a 
\ n - , c for any hiomoiecuie which is a member of a 

indina pair noieauis m< enzymes 

Surprisingly, the applicants have aeon able to 
const- <. >n i t ~ 1 *\ t its 

surfa , ~r i~ led ecule te< 

antibc a *nd nrysnes ana recs % t **hl( 

v il eu 

the structure which oampri js > particle and a binding 

ckage Where 

the bindino molecule is an antibody., an antibody derivative 
or frsaeent, or a domain that is homologous to an 

in i cr— . x um- < a~e pi. c»rvfcs call the 
' phace sntibodv' (oabK However, except where the context 
M»re U ' f ~ cx\ " ased 

generally, it should also be inter prats * - r erring to anv 
oaekace cosprisinq a virus particle and a fco.aiogreaXiy 
functional sinding molecule displayed at the viral surface. 

pAfos nave a range of applications xn selecting antibody 
genes encoding antigen binding activities. aor ssssi 
-n~uld oe u^cd or ^he i 
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rOrlandi, R. - et ai (1989 s PNhS S6 p3833~3837), and in the 
screening oi large cG!?b,xr;atori3 1 xbxaro.es < such as found in 
Huse, W,D, at: sL, 1989, Science 246, 1275-1281 }< In 
a:: iculax tou or > v r ; . t, „ ur . < n sets in 

5 rescuing the higher affinity antibodies" from the latter 
libraries. it may be preferable to screen small libraries 
derived frosts antigen -- selected cells ( Casaii . P„ , et ai«, 

esct riginai VMA 

pairs comprising the Fv region of an sntibodv. The use of 

10 p&bs cay alec allow the construction of entireiv synthetic 
antibodies- Furthermore . antibodies cay foe ■Bade" which have 
some synthetic sequences e.g. CDRs, end some naturally 
derived sequences. For examcle, v-aene repertoires eouid toe 
mad© in vitro by combining un- rearranged v genes, with D and 

11 t^braxrs^ kq< ;ui < eases b; 
v «r o o ant .go- hypersurtatao io utro In the antigen- 

binding loops or v domain framework ""regions , end sahlectee 
to fort her rounds of selection and mutagenesis. 

Aat previously discussed, separate H and L chain 
z0 % -no cetween .he cnarns. it 

re difficult so make and screen a large enough library for a 
particularly advantageous combination of H and h chains. 

For example, in a mouse there are approKimateiy IS 7 
possible K chains and 10' possible L chains. There 
is there are 1Q X4 possible combinations of K and h chains, and 
to test for anything like this number of combinations one 
would have to create and screen a library of about 10 14 
clones. This has not previously been a practical 
possibility, 

30 The present invention provides a number of approaches 

union ameliorate this problem. 

In a first approach-, {a random combinatorial approach, 
see examples 20 and 21) as large a library as is practically 
possible is created which expresses as cany of the ID 1 * 

35 potential combinations as possible. However]' by virtue of 
the expression of the H and L chains on the surface oi the 
pnage , it is reasonably practicable to select the desired 
combination, frc5m ail the generated combinations bv affinity 
" N - see ate:: or see gtion of selection" formats K 

40 In a second approach ? called a dual combinatorial 

approach by tea present applicants, see example 26), a large 
library is created from two smaller libraries for selection 
or. me desired oombi nation. This ameliorates the problems 
still mother, the approach involves the creation of; (1) a 

45 a- * - ^ , „. chaxns which - oxptuvec 

on e oacteriophage i as a fusion with the protein encoded by 
^ena hi _ is resisra _ > < „ < x - - s nd ill 

secon t rar: s y r - shains which the 

oi re tequer.se" for chess , .on t „ _ ism.i - 

^ l 55 mnoentd " watch is resistant to e.g. 

i^pto . i ^> far? m h stic =>< s.r« expr« 

;n ens pertpiasm.it ;:pace of s host bacterium, The first 
„irr«rv ^ ' nsu - s;o infect / >u uacrerx „ . ^ >, -a- 

So second library ~s provide ID** combinations of K and L 
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chains on the surface of the resulting phage in the 
bacterial supernatant, 

■The advantage, of this approach is that two separate 
libraries of ecr ~UV are created in order to produce 10-*" 
S coec:,:.;. ; v .ens. " Creating a 10'' library is a practical 
possibility* 

The °c" 4 comb N ^~ ar« then I - to selection 

(see later for description of selection formats) as 
disclosed by the present application. "his selection will 

IQ -h« Ion of phages displaying a particular 

combination of H and L chains having the desired 
specificity. The phages selected however, will only contain 
DMA encoding one partner of the paired H and h chains 
(deriving from either the phage or phacemid). The sample 

15 aiuate coataining the { t * \- rs then ow-*_c. -to *%o 
portions. A first portion is grown on e.g. tetracycline 
slates so soled thos« bacteriophage containing DMA encoding 
H chains which are involved in the d« 

A second portion is grown on a«9« ampieiliin plates to 
20 select those bacteriophage containing phagremid DNA et ting 

L chains which are involved in the desired antigen binding. 

A set of colonies from individually isolated clones e.g. 

frost the tetracycl±oe plates are then used to infect 

specific colonies e.g. from the ampicillin plates. This 
25 results in t 

H and L chains which can then be assayed for ahtiof^n 

binding . 

In a third approach (ceiled a h < $ .ai dual 

combinational approach, by the present applicants), an 

30 individual colony from either the H or L chain c\ \> 
selected bv qrowth on the antibiotic plates, is used to 
infect a complete library of clones encoding the other chain 
{ h or L) , Selection is as described above- This favours 
isolation of the most favourable combination. 

35 In a fourth approach (called a hierarchricai approach 

by the present applicants, see ©xaiapies 22 and 46) both 
chains are cloned into the same vector. However., one of the 
chains which xs already known to have desirable properties 
is kept fixed. A library of the complementary chain is 

40 inserted into the same vector. Suitable, partners for the 
fixed chain are selected following display on the surface of 
P ac t e r i o phage . 

In a fifth approach {see example 48}, to improve the 
chances of recovering original pairs, the complexity of the 
45 i ies can he reduced by using small B 

populations of B~ lymphocytes selected for binding to a 
< > - uco\ di» e.g. saSNA or D\A f for 

preparing libraries of antrbody genes for display on p\ 
This technique can be used in combination with the above 
men 5. one four approaches for selection of antibody 
speci f 1 cities . 

phagsmids have been mentioned above. The applicants 
have realised and demonstrated that in many cases >hagemic ? 
will be preferred to phage for cloning antibodies because it 
55 is easier to use them to generate more sect ehensi 
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libraries of the tmmnne repertoire - This is because the 
phagemid DMA is approximately 100 tis&es mora efficient; than 
aat i >ags HP. ii tra^-n,' 5actor:s see example 

19), Also, the use of phs.gemi.ds gives the ability to vary 
5 the number of gone III binding ' snoecule fusion' proteins 
displayed on che surface of the naeter iophage .see example 
17). For es ample, in a system comprising a bacterial cell 
containing a phagamid encoding a gens 111 fusion srotain and 
infected with a helper phage, induction of expression of the 

10 gene III fusion protein to different extents, will determine 
the number of gene III fusion proteins present is the space 
defined between the inner and outer bacterial membranes 
following superinfection. This will determine the ratio of 
gene III fusion protein to native gene III protein displayed 

15 by the assembled phage. 

Expressing a single fusion protein per virion may aid 
selection of antibody specificities on the basis of affinity 
by avoiding the 'avidity' effect where a phase expressing 
ty an 3ul * hi ame 

20 1 * | resslng one copy of a hi • 

affinity antibody. In some cases however, it will he 
nt ~ splay ail the gene ill molecules derived by 
superinfection of cells contain i ; -sap! ? o^ cs have fusions 
(e.g, for selecting low affinity binding molecules or 

25 improving sensitivity on EblSA), One way to do this is to 
superinfect with a bacteriophage which contains a defective 
gene III, The applicants have therefore developed and used 
a phage which is deleted in gene til. This is deteJ 
novel. 

30 The demonstration that a functional antigen -binding 

domain can be displayed on the surface of phage, has 
implications beyond the construction of novel antibodies. 
For example, if other protein domains can be displayed at 
a s sectors could be used to clone 
35 and select genes by the binding properties of the displayed 
protein. Furthermore,, variants of proteins , including 
> : tbr arias built into the surface of the oroteinT 
could be made and readily selected for binding activities. 
In effect, other protein architectures might serve as 
40 "nouvelia" antibodies. 

The technique provides the possibility of building 

sking adva 

structural framework on which the antigen binding loons 
fold. In general, these loops have a limited number of 

45 no ioi whiei- aerate jriety c ding by 

alternative oop combinations and by diverse side chains. 
Recent successes s~ 3 - o^n mdcnn ?it* usur; 

well for _ jsign. n ary nase a high resolution 

^ " ' Loan i needed s< ever, the uopreash 

30 is attractive for making e.g. catalytic antibodies, 
particularly for small substrates. Here side chains or 
1 t d ng e c est eti gr< t ua 

only to bind selectively to the transition state of the 
substrata, gut diss to participate directly m hand .taking 

3 5 and breakings The only question is whether the antibody 
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architecture, specialised for binding., is the best starting 
aosr.r for buxining catalysts. Genuine enzyme architectures, 
such as the triose phosphate isomerase (TIM) barrel, sight: 
be. mare suit: sole. bike _s TIM enoymes .siso have a 

5 fraeawork structure (a barrel of js~str&nds and a -helices) 
and locos to bind substrate. Many enzymes with a diversity 
of cataivtic properties are based on this architecture and 
the loons oioht be manipulated independently on the 
frameworks for design of new catalytic and binding 

10 properties. The phage selection system as provided by the 
present disclosure can ba used to select for antigen binding 
activities and the CDR leaps thus selected, used on either 
an antibody framework or s TIM barrel framework. Loons 
placed on a e.g. a TIM barrel framework could be further 

15 modified by mutagenesis and subjected to further selection. 
Thus, there is no need to select for high affinity cindxng 
activities in a single step. The strategy of the immune 
systss ; which isx affinity evolves to high affinity seems 
stic and can he mimicked using this invention. 

20 one class of molecules that could be useful in ones 

type of application are receptors, For example, a specific 
receptor could be displayed on the surface of the phage such 
that" it would bind its ligand. The receptor could then be 
c k i s » - 

25 a-, x - cor bindi sg af3 iii c he ligand selected. She 
selection may be carried out according to one or more of the 
formats described below with reference to figure 2 (which 
refers oarticulariy to pAbs) in which the pAb antibody is 
replaced with a phage receptor and the antigen with a ligand 

'30 1:. 

Alternatively, the phase- receptor could re used as the 

inding of 

ds, altered ligands, or potential drug < * The 

advantages of this system namely ox x no ciornng, 

35 convenient expression, standard reagents and essy handling 
makes the drug screening application particular;; y 
attractive. In the context of this discussion, receptor 
means s scieouie that binds a specific, or group of 
specific, ligand < s > , The natural receptor could be 

40 - - £ or it 

.;.:oui i < rain of such a molecule 

■whether such a fore exists naturally r not r a soluble 
soieccis performing a natural binding function in the 
plasma, or within a cell or organ. 

45 Another possibility, is the display of an enzyme 

molecule or active arts os a e mo cu o ixi *.< i 

□hag© (see examples 11,12,30,31,32 and 36}. Once the 
phage enzyme is expressed, it can be selected by affinity 

a >oth 

50 transition state analogues. If an enzyme with «* different 
-i ;tuc\'. nrr::;c-ty .v.ore: ( ~ to 

mutate, an e~a mt~ cisplayef as a i as on on n . - a and 

aes - - ~ 3 a col urn erxvacised vcttd in i i ocrae 
sexeetea to have a higher as fxat::y for an enzyme with the 

55 desired modified specificity. 



WO 92/0104? 



?ct/€\mmm 



_i —oc ^ssxDa^i/ ~m ?rrp?"ir.o , - -gtcJi ct 

variants of pAbs , they recognise that in some 
or i ! OS* en; ,ox ^jsuHtmif siy af finite core? 

it may b* ! ol rer at fin variants. 

Examples 21 and 23 show that the present invention 
provides a way of producing antibodies with low 
affinities (as seen in the primary immune response or in 
10 unimmnnised animals ?. This is made possible by 
displaying multiple copies of the antibody on the phaoe 
surface in association with gene ill protein- Thus, pAfcs 
allow genes for these antibodies to be isolated end if 
necessary, mutated to provide improved antibodies, 
15 pAhs also allow the selection of antibodies for 

improved stability. It has been noted tor many 
antibodies, that yield and stability ere improved when 
the antibodies are expressed at 30*0 rather than 37 "C. 
If pAbs are displayed at 37 op, only -hose which are 
20 stable will be available for affinity selection, When 
antibodies are to be used in vivo for therapeutic or 
diannoo n j T he 

half-life of antibodies in circulation. 

Although* stability is important for all antibodies 
23 and antibody domains selected using phage,. it is 
particularly important for the selection of Fv fragments 
which are formed by the non-eovalent association of vh 
and VL fragments, Fv fragments have a tendency to 
and save « much n a " in 

30 - - v xed to whole antibodies. Fv fragments 

are displayed on the surface of phage, by the association 
at one chain expressed as a gene III protein fusion with 
- ismcntary c.maxn expressed as a soluble fragment.. 
If pairs of chains have a high tendency to dissociate, 
35 they -will be much less likely to he selected as pAhs . 
Therefore, the population will be enriched for pairs 
- * ' • ~a -*\ „ cc:;n is" less 

of a problem with Pan fragments., selection would also 
occur for Fab fragments which associate stably, »Abs 
40 - - election ox stability to protease attack, only 
- - v: cleaved w proteases will be 
fcpal i o ind nd therefore populations 

sage ::. e cis < is 

antibody domains, 
^5 * — - r:nn a v.u^_„ the 

- can Ji~se fee usi rxmar 
system. For example, a oDNh library can be constructed 
rte ) ti aetetsc ph< jg n - hags 

hire; no o sc s \ „ w si < i 

50 1 loans/ binding molecule combination could include any 
pair of moiecni.es with an ability to specifically hind to 
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one another e . g are sos 

analogue ) , nucleic acid" binding protein/nucleic acid. etc. 
If one msmoar oi the complementary pair is ivailahle 
this cay be a preferred way of „v. C a clone for the 

1 other raeraber of the pair. 

It will of tan be necessary to increase the diversity 
of a ooouialion of genes cloned for the display of their 
t < i: ~r> woo % to Tsatats n individual uc eotide 
easjenc th« h i ro in mutagenesis 

10 techniques could be used for either purpose, a 
oarticuiariv suitable method would foe to use mutator 
strains. A mutator strain is a strain which contains a 
genetic defect which causes DNA replicats»d within it to 
he mutated with respect to its parent DNA. hence if a 

IS copulation of panes as gene III fusions is introduced 
into these strains it will - ^ - - 

then be transferred to a non-rant ator strain, if dasirea, 
for display and selection. Example 38 covers the use of 
mutator strains with phage antibodies (an example of in 

20 fro v agenesia and selection of phage antibodies is 

given in example 45). 
Targete d ■ .- .sn sf er 

A ~ • * . v t..<. se«~ of appA-.cc i u5Ke~ use ox 

the binding protein on the phage to target the phage 

23 panose to "a particular cell or group of cells, For 
example, '.& pAfe specific for a cell surface molecule could 
be used to hind to the target cell via the surface 
molecule 0 The phage could then be internalised, either 
through the action of the receptor itself or as the 

30 result of another event {e.g. an electrical discharge 
such as in the technique of eiectroporaf ion) , Phe • 
genome would then be expressed if the relevant control 
signals (for transcription and translation and possibly 
replication; were present. this would be particularly 

35 useful if the phage genome contained a sequence whose 
expression was desired in the target cell (along with the 
jpp s * " expression control sequences), A useful 
sequence might confer antibiotic resistance to the 
recipient ceil or label the cell fey the expression of its 

40 product {e.g. if the sequence expressed a detectable gene 
oroducr such as a iuciferase, see White, H, at al, 
Techniques 204), pi 94-201 ( 1990)5 , or confer a particular 
property on the target ceil (e.g. if the target cell was 
a tumour cell and the new sequence directed the 

45 expression at a tumour * > ess an 

^struct designed to turn off a gene or set of 
junae a rne tax net c 
designed to be toxic to the target ceil. 

Alternatively, the sequence whose expression is 

50 desired in the target ceil can ha encoded on a ehagemld. 
The phagemid DNA may then be incorporated arc phage 
displaying an antibody specific for a cell surface 
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receptor. For exasplg, incorporation say bs by 
u sri faction bacteria containing th j.ac uc with 
a helper phage whose genome encoder the antibody fragment 
specific tor the target call* The paekaaa is "than "used 
~ to direct the phsgemid to the target cell. 

This technique of "targeted gene transfer" has a 
number of uses in research, and also in therapy and 
diagnostics. For example, gene therapy often aims to 
targe;: the replacement gene to a specific cell tvoa that 
10 is deficient in its activity, Targetting oAos provide a 
means of achieving this. 

In diagnostics, phage specific for particular 
bacteria or groups of bacteria have been used to target 
* 3 s «sa, to the bacterial host 

Id (sec, for example, Ulitcer, S., and Kuhft. j» , EPA 
f - . If toe host range, of the chaos is 
appropriate, only those bacteria that are being tested 
tor., will be infected by the phage, express the 
iueif erase gene and be detected by the. light they emit, 
N * "ysrem has been used to detect the presence of 
Salmonella. One major problem with this approach is the 
i of a bacteriophage with the correct 
host range and then the cloning of a luoiferase gene 
cassette into that phage, such that it is functional . 
25 the pAb system allows the iucif erase cassette to be 
cloned im - - 1 system ( filamentous 

poageo and allows simple selection of an. appro nri sf» host 
range, by modifying the antibody (or other binding 
s.oiecuie; specificity that the pAb encodes, 
30 The present applicants have also been able to 

severer novel selection systems and assay formats which 
oenenc on the unique properties of these resaleable 
g. nAbs. 
" 

35 M ' oc ^ - r - hs terminology discussed in this section 

nas neer. tone: one- :.r. too vnere oooroprtaxe . 

3 cos :«acn hem; a 
1 ' -ax. *~5oh are naturally 

40 derived or synthetical^ r:e ci the r-sir sf 

rtaoe ox < 

specifically binds to, and is therefore defined as 
complementary with a particular spatial and ooiar 
tganxsation o a o oieca o that tJ iia nave 

43 p e property ot binding specifically to each other. 
Examples of: types of specific binding pairs are antigen- 
antibody, hiotin-avtdin, hormone- normone receotor , 
race ntor - 1 ..a roc , en ryrne- s ur s t te , 1 gG - pr ot e i n A . 
Mai ticeric Memno r 

~ Q This aescribes a first polypeptide whicn will 

*° 3 at ~ tJ r * 'c aolvpe v when the 

roivpeo* iaeo .ore - _ n :r,:r ,o . n the 
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surface of a substrate. * - - a 

a bacteriophage . Where aners are two associated 
~ern ce» >N 'Si:via o r ~^es ~~ao romoxax „w » 

< - j 5 ra " are re - x * - hse 

5 annsr. multiset eta or the amitimeric member may 
COispri.se a member of a specific binding pair. 

xampi t -nerxc vmm&zts are heavy domains based 

! imus :uobu.> r, moiecul ght dc s Jsed on an 

immunoglobulin molecule, T-~ce.il receptor summits. 

10 Reniicabis Genetic Fi^;pjvyj^^^ i Rggp } 

hi j bis a T77"\. ; v ^ a : c ^bic has 

genetic information providing the particle with the 
ability to replicate. The particle can display on its 
surface at least part of a polypeptide. The polypeptide 
15 ^ nc< dee » - o the 

Particle and/or artificially placed into the particle or 
an ancestor si it. The displayed polypeptide may be any 
member of e specific binding pair eg. heavy or iignt 
chain domains based on an imisunogiobuiin molecule, an 
20 enayme or a receptor etc. 

The particle may foe a virus eg. a bacteriophage such 
as M ox WX3 . 
Packaoe 

This describes a realisable genetic display package 
25 in which the particle is displaying a member of a 
specific binding pair at its surface. The package may da 
a bacteriophage which displays an antigen binding domain 
at Its surface. This type of package has been called a 
phage a nr.. I. body { pAb ) « 
30 Antibody 

_ ->fcu c s *u >tbt s tx' or 
partly or wholly synthetically produced. The term also 
covers any orotem having a binding domain which is 
homoiooous to an naumogxobuiin hi i n dojnai 
35 proteins can oe derived frcm natural sources, or partly 
ry. ~ nails, va tea .: , sauced, 

and the Fab, F(&b x ) 2 , scFv, Fv, dAfo, Fa fragments, 
I sma no a. I osuiis Suoerfamily 

40 

of which nave at least one domain with « structure 
related to that of the variable or constant domain of 
imiRunoaiobuiin. molecules. The domain contains two p~ 
sheets and usually a conserved bisulphide sand (see A.F. 
45 Williams and A.N, Barclay 1988 Ann. Rev Immunol. 6 
381-405). 

Ssamoia members of an immunoglobulin seperfamliy are 
::D4, aiateiet derived growth factor receptor ( PDGFR } , 
intercellular adhesion molecule, (1CAMK Except where 
SO the c o n tax t o t h e r w i s e diet a t.e s , referee c e t o 
iu x 1 .1 os ana iomuaog .ofhu Lin n no,:- at „ tms 

. j Lcat.lo nciudes sen - :: •: the immunoglobulin 
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superfamiiy and homoiogs thereof. 
Homo logs 

This term indicates polypeptides having the same or 
conserved residues at a corresponding position in their 
5 primary, secondary or tertiary structure. The term also 
extends to two or more nucleotide sequences encoding the 
homologous polypeptides, 

Sx&mple homologous peptides are the ii«munoq.lobu.Un 
isotypes , 
10 Fu tic 

In relation to a ebp member displayed on the stxrfsce 
of a rgdp, means that the sbp member is presented in a 
folded form in which its specific binding domain for its 
complementary shp member is the same or oh 

15 to its native configuration, whereby it exhibits similar 
specif icity with respect to the complementer v - b 
In this respect, it differs from the peptides of" Smith et 
al, supra, which do not have a definite folded 
configuration and can assume a variety of configurations 

20 determined by the complementary members with which they 
may he contacted, 

t y i diverse populet fon .,.,„,. 
In connection with sbp members or ; 
components thereof, this is referring not "only to 

25 diversity that can exist in the natural population of 
cells or organisms, but also diversity that can be 
created by artificial mutation in vitro or in vivo. 

Mutation an y re ' j, - r 
mutagenesis using oligonucleotides having random 

30 mutations of the sequence desired to be varied. In vivo 
mutagenesis may for example, use mutator straxns of t 2st 
microorganisms to harbour the 8KA (see Example 38 below), 
Domain 

A domain is a part of a protein that is folded 
35 within itself and independently of other parts of the 
same protein and independently of a complementary binding 
member . 
Folded Unit 

This is a specific combination of an a~hel±x and/or 
40 - > * o n structure. Domains and folded 

unite contain structures that bring together amino acids 
that are not adjacent in the primary structure. 

This describes the state of a polypeptide which is 
45 not displayed by a repiieaole genetic disnlav nackaae. 
Cor . y _ -.:t:v8 

This describes a gene which does not express a 

particular polypeptide undex om rut oi son one, but 

expresses it under another sot of conditions. An 
50 example, is a gene cent a '5 ; a <so - 

in no * or suppressing hosts respectively . 

Alternatively, a gene may express a protein which is 
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defective under one set of conditions, but not under 
another set. An example is a gene with a temperature 
tatio 

Suoprassible Translations 1 Stop Codon 
5 """" rh~< * * < - f <r~ eo 

* v v C < C< 

m* of conditions, but under another set. of conditions 
translation ends at the eoaon. x * * ppressibie 
translations! stop codons are the amber,, ochre and opal 

10 codons * 

Mutator St rain 

Ph is a. ho c€ .a J gen< o f« *l en 
causes DMA replicated within it to be mutated with 
rescect to its parent DNA n are 

1,5 NR9046iRUtD3 and HH9046 mut Tl (see Example 38). 
Helper Phaae 

Thx.s Is a phage which is uses to infect cexis 
containing a defective phage genome and which functions 
x the aefect. The derec 
20 bo p garni d or a phage with w. funct < c 

sequences removed. Examples of i 

M13K07 gene XIX no. 3? and phage displaying or encoding 

a binding ■molecule fused to a capsid protein. 

Vector 

25 This is a mh molecule, capable of replication in a 

host organism, into which a gene is inserted to construct 
a recombinant SNA molecule* 
Phage vector 

" *" This Ti a vector derived by mod ; 
30 genome, containing an origin of replication for a 
bacteriophage, but not one for a plasmid. 
v ::tor 

This is a vector derived by modification of a 
plasmid genome, containing an origin of replication for a 
3b bacteriophage as well as the plasmid origin or 
re? 3 1 ;at2 do 
ret ed 

"his describes a rgdp or molecule that associates 
with the member of a sop displayed on the rgdp, in which 
40 the sbp member and /or the molecule., have been folded and 
the package assembles externally to the cellular cytosol- 
Raoartoxre o t rearranged immunocujyo^ 

" * A collect forT'of" naturally occurring nucleotides ^ eg 
DMA sequences which encoded expressed immuc ; 

45 genes in an animal. The sequences are generated by the 
in vivt - rrangement of eg V £ and 3 segment* "~r H 
c„ n , en -see V urso segments for L chains. 

Alter natively the sequences say r.s generated from ?. ceil 
line immunised in vitro and in which the rearrangement in 

50 espouse t< curs xntracaii iariy. 

Library 

A collection of nucleotide eg DHA, sequences within 
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clones, 

Repertoire ^' ' U ~ ~<r» 1 

Genes — - — 

A col lect ion of nucleotide eg DNA , sequences derived 
s ! - 3 a source other tha the e 1 

immunoglobulin sequences from an animal , This may 
nelvde for examp o DN£ sag s sins ^ 

combining unrsarranged V segments with D and J segments 
and DMA sequences encoding vl - 
10 J segments . 

Part or all of the -SNA sequences may be derived bv 
oligonucleotide synthesis, 
Secretory Leader Peptide 

This is a sequence of amino acids joined to the M~ 
15 terminal end of a polypeptide and which directs movement 
ot the polypeptide out of the cytosci, 
Sluant 

This is a solution used to breakdown the linkage 
5 !n fc wo molecules. The linkage can be a non-covalent 
20 or covalent hondCsj. The two molecules can be members of 
a sop , 
..yr d votive. 

This is a substance wnich derived from a polvoes 
which is encoded by the DNA. within a selected rgdp* The 

23 derivative polypeptide may differ from the encoded 
polypeptide by the addition, deletion, substitution or 
insertion of amino acids, or by the linkage of other 
molecules to the encoded polypeptide. These changes may 
be made at the ; em level. For % s 

30 the encoded polypeptide may be a Fab fragment which is 
then linked to an Fa tail from another source, 
Alternatively markers such as enssymas # flouresceins etc 
may be linked to eg Fab, scFv fragments 

The present invention provides a method for 

35 producing a repiicsble genetic display package or 
papulation such reaps of which method comprises the steos 
of i 

a > inserting s nucleotide sequence encoding a member of 
s specific binding pair eg. a binding molecule 
4e within a viral genome; 

b) cuituring the virus containing said nucleotide 
soo^e , - * 

and displayed by the virus at its surface. 

The present invention also provides a method for 

4 5 sleet jdi specif ae rcr rt a itope whic 

comprises producing a population of such roups as 
described above and the additional step of selecting for 
sard binding molec ts b\ onrac ir < populaxlc ith 
said epitope so that individual rgdps with the desired 

eO specificity may bind to said epitope. The method may 
comprise one or more of the additional steos oft {15 
separating any bound rgdps from the epitope? Cii) 
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recovering any separated rgaps and {ill) using the 
inserted nueXa tid aquences £x ty s irated rgdps in 
a recombinant system to produce the binding molecule 
separata from virus. The selection step may isolate the 
5 nucleotide sequence encoding the binding molecule of 
desired specificity, by virtue of said binding molecule 
being expressed in association with the surface of the 
virus in which, said encoding nucleic acxd is contained. 

The -.present invention' also provides a method of 
10 producing a multimeric member of a specific binding pair 
(stop), which method comprises: 

expressing in a recombinant host organism a first 
oolyneoi h ham of said sop member or a genetically 
divers© population of said shp member fused to a 

15 mpon J rated replicabla genetic Uspia\ 

oackaoe i rods ) which thereby displays said polypeptide at 
cage, and g in a 

recombinant, host organism a second polypeptide chain of 
said muitimer and causing or allowing the polypeptide 

20 chains came toaether to form said muitimer as part of 
said rqdp at least one of said polypeptide chains being 
expressed from nucleic acid that is capable of being 
packaged using said component therefor, whereby the 
genetic material of each said rgdp encodes a said 

2:5 polypeptide chain. 

Both said chains may he expressed in the same host 
organism! 

The first and second chains of said multimer may re 
expressed as separate chains from a single vector 
30 KVta - el- aspect 1 ucieJ aci 

At least one of said polypeptide chains may he 
. ■>. eased from a phage vector. 

At least one of said polypeptide chains may be 
expressed from a phagemid vector, the method including 
.33 usinc a helper phage, or a plasmid expressing 
complementing phage genes, to help package said phagemid 
genome,, and said component of the rgdp is a capsid 
protein therefor. The capsid protein may be absent-., 
detective or conditionally defective in the neipsr phage. 
40 The method may comprise introducing a vector capable 

x , > c v B ~ a > f - best 

organise which expresses said second polypeptide chain in 
„ > rods sot < j of expressing 

said second polypeptide in free fore into a host organism 
45 which expresses said first polypeptide chain. 

Each of the polypeptide chain may be expressed from 
nucleic acid which is capable of being packaged as a rgdp 
using said component fusion product, whereby encoding 
nucleic acid for both said polypeptide chains are 
50 packaged in respective rgdps. 

The nucleic acid encoding at least: one of said first 
and eeond pc e ha ins aaj be obtained from a 
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library of nucleic, seia including nueiaic acid enaodina 
said chain cr a population of variants of said chain. 
Both the first and second polypeptide chains may be 
obtained from respective said libraries of nucleic acid, 
5 The present invention also provides a method of 

producing a member of a specific hindins pa.ir (sbp a from 
a nucleic acid library including nucleic sold encoding 
said sbp member or a genecx alio divers* noon ation si 
said sype of sop memoers,. which method comprises; 
10 expressing in recombinant host cells polypeptides 

encoded oy : , ; cci.c acid fusea to a 

component of a secreted rep 11 cable genetic disc lav 
package (rgdp) or in free fore for association with 
pon >p member wh.i is 

i3 expressed as a fusion so as id rgdp component so that 

the rgdp displays said sbp member „ functional form 
as chc ^ 3 - ^£ the package, ^ <\ ccc\ , , >< 
acid being containec wr:i: est ceils a s form 

that is capable of being packaged usins said redo 
20 component, whereby the generic material of an rgdp 

displaying an sbp member contains nucleic acid 
encoding said sbp member or a poly pen tide component 
thereof.. 

The nucleotide sequences for the libraries may be 
25 derived from eg animal spleen cells or peripheral blood 
lymphocytes. Alternatively the nucleotide sequence may 
be derived by the in vitro mutagenesis of an existing 
antibody coding sequence. 

The present invention also provides a method of 
30 producing a eember of a specific bandine pair (sbp), 
ci a earned comprises? 

aa< uebinant cost cells nucleic acid 
encoding said sbp member or a genetically diverse 
copula-con of saic type of sen member wherein the or 
33 each said sbp member or ; nponent 

thereof is expressed as a fusion with a component of 

! u^' "CK? f, IC4UI 

which displays said sbp member at the surface of "the 
pack - v : -br i c a 

40 polypeptide component tnereco: being contained within 

the host ceil in a fore that as capable of being 
'penenn <r 

sfop 

member encodes said abp member or a polypeptide 
45 D-npo ht i st orgs 

mutator strain which introduces genetic diversity 
inro she sbp member to produce said ea.xed 

The present invention also provides a method of 
20 producing a memoer of a specific binding pair isbpj, 
wnxen canned ocmpiisss: 

axpressinc x no? . cid 



20 

encodina said sbp member or a genetically diverse 
population or said type ox' sbp member wherein the or 

sic sty smear ox s ps u pt3 - p 

thereof Is expressed as s fusion with a component: of 
a secrexed repii 

which displays sard sbp member in fimctionai form at 
the surface or the package, nucleic acid encoding 
said sap member or a polypeptide component thereof 
being contained within tne cost ceil in a fore that 
is capable of being packaged using said rgdp 
component whereby the genetic material or the rgdp 
displayinc an she member' encodes sard sbp member or 
D t:±d> *pom sreol sic i ias b« log 

with bacteriophage caps id protein and the rgdps 
being fanned with said fusions in the absence of 
said "cap sid expressed in wild-type for®.. 
The sresent invention also provides a method of 

.producing a member of a specific binding pair (sbp) which 

method comprises; 

expression in recombinant host cells nucleic acrd 
eneodina said .sbp member or a genetically diverse 
population of said type of sbp member or a 
boivpeptide component thereof fused to a component 
of a secreted repXicahle genetic display package 
(rodp) which, displays said sbp member in functional 
form at the surface of the package, nucleic acid 
-*omber ar ~ 3 

thereof' being contained within the host cell in a 
form that is capable of being packaged using sard 
rgdp component whereby the genetic material of tne 
rgdp displaying an sbp .member or a polypeptide 
component thereof encodes said sbp member or a 
« nertraa rouponent fchereo ember or 

wt:jt ru >ne; i taereot being - -garassed from a 
onsnemid as e capsid fusion, and a helper phage, or 

anes, is 

used along with said caps! a fusions to package the 
• phagemid nucleic acid. 

The library or genetically diverse population may be 
obtained from: 

>.arr nnged tmu* 1 >hnabn 
nxmaJ msumised < ith compies n ai 

she meaner, 

{ ii } the repertoire of rearranged immunoglobulin. 

genes of an animal not immunised with 
-a oi< mens iry sot < ember, 
(ill) a repertoire of artificially rearranged 

immunoq lohuiin gene or genes 
i iv ) a repertoire or immunoglobulin homo log gene or 

genes; or 

(v) a mixture of any af ( i ) , { ii } , (iii) and ( iv ) . 
The caosid orotein may be absent, defective or 
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conditionally car active in the helper phage* 

The host ceil may foe a mutator strain which 
ge arsis: > rtc che si nucleic 

acid . 

§ The sfcp member may comprise a domain which is., or is 

homologous to, an i.mmunoglob«l in domain, 

r hs rgd ay <. , , ei phage the Host a 

bacterium, and said component of the rgdp a eapsid 
protein for the bacterophaae * The phage may be a 
10 3 J~ v e nay or selectee from the 

cls ^ e d MI3 hi, if k« V cf and the 

class IX pnagea xf, ?fi and Pf3. The nhaqs may be fd or 
a derivative of rah The derivative may he tetracycline 
resistant. The said she aemb< 
IP thereof may be expressed as a fusion with the gene ill 
eapsid protein of phage M or its countermart in* another 
filamentous phage. The sbp member or polypentlda chain 
thereof may be inserted in the N- terminal region of the 
mature eapsid protein downstream ecretory Lea.de: 

a?) peptide. The sequence may be inserted after amino acid 
+1 of the mature protein. The site for insertion may be 
flanked by short sequences correspond! no to sequences 
which occur at each end of the nucleic acid to be 
inserted- For example where 4 the protein domain is an 
25 immunoglobulin domain,, the insertion site in the phage 
may be flanked by nucleotide sequences which code for the 
first five amino acids and the last five amino acids of 
the Ig domain. Such flanking nucleotide secuencae are 
" ;r - ■* { ? x B and C, wherein the si ce- £ lankinc 
30 nucleotide sequences encode amino acid sequences QVQLQ 
and VTVSi wh rr occur at either sad of the VH domain, or 
— ' ^ > eh - -rr end or ihe Fv 

{ combined VH * VL) domain. Each of these seouences 
flanking the insert.cn arte aav include , tabic 
3d cleavage sire, as shewn to Fig 4. 

Alternatively, the flanking nucleotide seouences 
shown in figure 4(2}e and C as described above, mav be 
used ft flank the insertion site for any nucleic acid to 
be inserted., whether or -or - v an 
40 immunoglobulin. 

The host may be. E.coli. 

~" N " ' u sa re: < a may 

nked d rai capsid e 

suppressibie translational stop codon, 
45 As previously ^nea tne presenr invent xen -use 

>vides novel se st i m 

these systems ann formats, c gone sequence encoding the 
binding molecule _ the antibody; of desired 
pec ficity spara ed >m a snsrs ui i 

tO cgdps having a range of specifies by the ::aot .ut its 
binning to a specif in target fag cue entices or epitope t. 
Thus the reaps forced by said expression cay be selected 



WO 92/01047 



PCT/GBSfl/81134 



s - screened ro provide an .divxcuai ~rr t ?3 
?:k!.«cTed*"ax>cad Booulstion of said sop members as soe rated 

^ rheix I - >- 

-,er - » ~ or n * - ^ c.oain thereof. The rgdps may 

■; be" selected by affinity with a sender complementary to 
said sfao member, , , 

1 3 i P ouad ro said second memmar aay be 
-^covered 'hv washinq with an eiuant. The washing 
conditions mat be varied in order to obtain rgdps with 
iq d iffo^ ent binding affinities for said epitope, 

3 dps, the 

complementary member (eg an epitope) may be presenter ro 

-a«v » i 

h\r . : . - . -a ~a ,o rAl * v* ' v „ 

y-; for jUL diss - a vS ' 

member. 'Than the eiuant may contain a cox ecu;, a which 
competes with sari xg&p tot ^ " ' * 1 " * 

sjso member , The rgdp *av he 

complement ry sb; * 1 ranee o alecs s ? 

2.0 which competes with said socage icr unoin^ t > s31u 
comola:aontar\' sfop mummer. Hu< •-• 
selects t Jdp may re > ^xa ..re 

member or a fragment or derivative thereos in a 
recombinant: host organism* Nucleic acid from one or 

2$ rgdps mav foe taken and used to provide encoding aucraxo 
acid in a further said method to obtain an nd t / 
member or a missed population of sbp members, or encoding 
nucleic acid therefor , Th® expression end product may be 
ncdisied ~c or educe a derivative thereof. 

.0 The ersr« - s - - : i >duct or derivative I 

foe weed to rapeutic c tic 

medicament or a diagnestic product. 

The oresent invent-i > also pro 
ceils harfoourina a library of nucleic acid fragments 
> 5 ? 3 iing =5 1« 

of sambas of a &ait bi ^dxng i 

being expressed ss a fusion with a component or a 

.cretafci < < ckage \ rgap 

•10 het said sbp ses t > the urf 1 the 

> , .„ .rr < " " j ~ u<!> 

rd , d < 5t« bp member ox cn rtid< 

sbp lembei anv b 

itrmuncalobulins or immunoglobulin homoxogs, a urst: 

45 ooiypeDtido chain c i i uslon 
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protein in defective or conditionally defective form. 

The present invention also provides a bacterial host 
ceil containing a filamentous phage genome defective for 
a eapsxd protein thereof and wnarsin the host call is 
3 able ox goes - ipsid protein con rx said 

Safaet xci that ;fectious phage particles can be 
Obtaxned tnarsirom. The complement ing caps id protein may 
be expressed in said host from another vector cont.ao.Kiea 
therein. The defective capsid protein way be rene 1" of 
10 phage fd or its counterpart in another filamentous phage. 

The present invention also orovxdes recombinant 
E.COii TGI MI3KO? gill No, 3 ( KCTC .11478), 

The present invention also provides a phage antibody 
having the form of a repiicahie genetic display oackaoe 
15 displaying on its surface in functional form a member of 
a specific binding t - pecxfic vindina iomain 

thereof , 

In the above methods, the binding molecule may be an 
^'h. a domain that is homologous to an 

id ouiin antibody and ar domar in « ther 

naturally derived or synthetic or a combination of both. 
The domain may be a Fab.. scFv, Fv dAfe or Fd molecule. 
Alternatively., the binding molecule may be an enzyme or 
receptor or fragment, derivative or analogue of any such 

25 enzyme or receptor. Alternatively, the binding molecule 
may be a messber of an itamuno" l peri 
which has a structural form based on an 1mm i 
molecule. 

The present: .invention also provides rpdos as defined 

30 above one members of specific binding pairs eg, binding 
molecules such as antibodies, e n a ym e s , r e o e p t o r s . 
fragments and derivatives thereof, obtainable by use of 
any of the above defined methods, The derivatives may 
com prase memoers of the specific binding pairs fused to 

35 anorn&r es,.acv.u oucn as an enzyme or a Fo tail, 

the invention also includes kits for carrving oat 
the methods hereof. The kits will include the neeessarv 
vectors. Que such vector will typically have an origin 
ex replication for single stranded bacteriophage and 

4 0 either contain the sbp member nucleic acid or have a 
restriction site for its insertion in the 5* end region 

< ~ " s peace corse d pretax 
and with a secretory leader coding sequence, upstream of 
said sits vac:; streets a fusion eh the eapsro crocem 

4 5 ogenoi oi t > - * ar - rcc space 

The restriction sites in the vectors are preferably 
those ct snoymes ,-hich cui niy rarely n orotein coding 
sequences ♦ 

The kit preferably includes a phagemid vector which 
50 x i ^ ont in 

nave a site for insertion, of sop member nucleic acid for 
express ion 3f chs - id eee i or r 
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The kits will also contain ancillary components 
us.rrc: fox ~„j i< ^ c n ^e .h^ at .r; ot such 

components depending of course on the particular method 
employed „ 

5 Useful ancillary components may comprise helper 

phage, PGR primers, and buffers and enzymes of various 
> ads. 

PCE nrimers and associated reagents for use where 
the sop members are antibodies may have the following 
10 . .. ~ - - " - r t 

(i) primers having homology to the 5 ! end of the sense 
or anti -sense strand of sequences encoding domains 
of antibodies? and 
(11) primers including teg segue 
IS hcssoloqous sequences which incorporate restriction 

sites to allow insertion into vectors? together wxth 
sequences to allow assembly of amplified VH and Vb 
regions to enable expression as Fv> scFy or Fab 
fraoTsehts, 

20 Buffers and enzymes are typically used to enable 

vrsnsratuon of nucIaoTb.de sequences encoding Fv, scFv or 
Fab fragments derived from rearranged or u»x< 
immunoglobulin genes according to the strategies 
described herein. 

25 -The applicants have chosen the filamentous F— 

specific bacteriophages as an example of the type of 
phage which could provide a. vehicle fox 
Mndina molecules e.g.. antibodies and antibody fragments 
and derivatives thereof, on their surface and facilitate 

30 ion and manipulation* 

The F~ specific phages (e.g. fl, id and H13 ) have 
evolved a method of propagation which does not kill the 
host cell and they are used comaonly as vehicles for 
;■ sec ;. ; ro UNA { Romberg , A,, DNA Replication, W , H . 

Co. San Francisco, 1980). The single 
r (approxii - Kb> ot £d is 

extruded through the bacterial membrane where it 
©quest rs rssid ub-v its s ~ r mature v rions. 

-M_r^ , are * rwt ~n o 

40 each contain approximately 2,800 molecules of the manor 
coat protein encoded by viral gene VI XI and four 
C < 3f th rpti jI s > "a II px stein 

(g3p) the latter is 1 scared at one end of the virion. 
The structure has been reviewed by Webster at ai . , 1978 

45 in The Single Stranded DMA Phages.. 557-569, Cold Spring 
Harbor Laboratory Press, The gene III product is 
involved in the binding of she phage to the bacterial F~ 
pi lus , 

Although these phages do not kill their host during 
50 normal replication, disruption of some of their genes can 
lead to cell death (Kornberg, A. , 2 980 supra.) This 
places some restraint on their use. The applicants have 
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recognized that gene 111 of phage f d is an attractive 
possibility for the insertion of biologically active 
foreign sequences. There are however, other candidate 
sites including for example gene VIII and gene VI. 
5 The protein itself is only a minor component of the 

phage coat and disruption or the gene does not lead to 
ceil death (Smith, CI 1988, Virology 167; 156-165 } - 
Furthermore, it as possible to insert some foreran 
sequences (with no biological function i into various 

10 positions within this gene (Smith, G. 1985 Science 228; 
1313-131?., Parmley, S.F. and Smiths G.P. Gene: 73 ( 1988 < 
P- 305-318., and da la Crux;, VS. F. , et si.,, 1988, 7(3 Biol. 
Chess. , 263 : 4318-4322). Smith et al described the 
display of peptides on the outer surface of phage but 

IS they did not describe the airplay of protein domains. 
Peptides can adopt a range of structures which can be 
different when in free solution., than when hound to, for 
example, an -antibody,, or when forming part of a protein 
(Stanfiald, H.I, 1 „ h~u — c "It K If , 

20 Proteins in general have ■> well do:: tunc tertiary 
structure and performs their biological function only when 
adopting this structure. For example, the structure o.f 
the antibody DX.3 has been solved in the free form and 
when bound to antigen (Bhat, T.N. et al. , { 1990 ) Nature 

25 347, p483~-485 } . The gross structure of the protein is 
identical in each instance with only minor variations 
around the binding site for the antigen. Other proteins 
have more substantial conformation changes on binding of 
llgand, for instance the ensymes h&jcokinas® and pyruvate 

30 ds i during theix 1 iytit jycle but they 

still retain their overall pattern of folding. This 
structural integrity is not confined to whole proteins, 
but is exhibited, by protein domains. This leads to the 
concept of a folded unit which is part of a protein. 

35 often a domain, which has a well defined primary, 
secondary and tertiary structure and which retains the 
same overall folding pattern whether binding to a binding 
partner or not, The only gene sequence that Smith et 
al . , described that was of sufficient size to encode a 

40 domain (a minimum of perhaps 50 amino acids) was a 335bp 
fragment of a p-gaictrosidase corresponding to 
nucleotides 861-1195 in the £-galactosidase gene sequence 
(Parmley, S, Smith, G,p, 1386 supra. This would encode 
113 amino acids of a much larger 380 amino acid domain, 

45 "S'-cntC'.. - - ;,„- *,» ^ application, no 

s bs a been 

Uspiayea on phaq . In these cases, although the 
inactivity cf the virion was disrupted, the inserted 
sequences could be detected on the phage surface by use 

50 of e.g. antibodies. 

The protein encoded by gene III has several domains 
(Pratt, D. , et al. , lit, - mt, FLA, 
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st si., 1983 S .Chen 3 € - v.ts^xo g, 

a sional sequence thar'lairects the process as tne 1< 
Hismbrane and which is than cleaved off; lit) a contain 
that; anchors the mature prorain ; nso tan ;n id cell 
membrane Cane also aha phage coat); and { ill } a oomain 
-a cailv is tc < nage recept ~~ 

pilus "of" the host bacterium. Shore sequences derived 
from protein molecules have been inserted into two places 
within the mature molecule (Smith, d . , 198S supra., and 
Parmlev, S.F. and Smith G.F., 1988 supra. }- Namely, into 
an inter-domain reason and also between amino acres 2 ana 
3 at the terminus* The insertion sitea at toe N~ 
tarminus were more successful in maintaining the 
structural integrity of the gens III protein and 
displaying the peptides on the surface of one snags. By 
use' of antissra specific for the peptides, the peptices 
inserted into this position were shown to be on the 
surface of the phage- These authors were also able, t© 
ising hi s ps 

oept.ld.es expressed by the phage-, did not possess 
measurable biological functions of their own. 

Retaining the biological function of a mole 

5 sad in a radically different context to its 
natural state is difficult. The demands on the structure 
( • the r are heavy* In contrast;, rets . lag :hi 

ability to be howad by specific antisera is a passive 
process which imposes far less rigorous demands on the 
structure of the molecule. For example. It is the rule 
rather than the execution that polyclonal antisera will 
recognise totally denatured, and biologically inactive, 
em oiots (see for example, Harlow, E, 
and Lane, D. , Antibodies, a Laboratory Manual, Cold 
Serine ^arnoi Laborarory Irs ^ ' * 

insertion of peptides into a region thar allows their 
structure to be probed with antisera feacnee on.iy that 
the region allows the inserted sequences to be ea • 
and does not teach that the region is suitable for the 
insertion of large sequences with demanding structures 
constraints for the display of a molecule with a 
biological or binding function. In particular., it noes 
nor reach that domains or folded units of proteins can he 
fispia^ o . ^ 5 rears 

* i oss-torn blots i: v. iraehio 
nractical demonstration which snows than retaining the 
- - uv v ^pacific antisera imposes tar less 
r .v. : a f 5 h n 

does -oasm. .or the retantic 3 bio ogicai at ox 

Studies nave seen carried outs in which a, coil have 
been manipulated to express the prorein p ■■adrenergic 
eceazor s usion wi a che outer membrane protein 

tarns'. The B- adrenergic receptor was expressed in a 
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functional form as detersiaed by the presence of binding 
activity. However, when an equivalent antibodv fusion 
-'as made witn „ n -rhe - m <- c was -gsic ~ "he 

host ceil, 

2 The applicants have investigated the possibility of 

inserting the gene coding sequence for niolocieailv 
active antibody fragments into the gene 1X1 region of id 
to express 

the previous discussion, this approach makes onerous 
10 demands on the functionality of the fusion protein. The 
insertion is large,, encoding antibody - t at 

least 100-200 amino acids; the antibody derived domain 
must fold efficiently and correctly to display antigen- 
Dioosng; and cost of the functions of sens ill must he 
lb retained. The applicants approach to the construct ion of 
the tusion molecule was designed to minimise the risk of 
sn tng xes* functions. in U - eg 

invention, the initial vector used was fd-tet { isobar, 
at al., 1980, Gene 9, 127-1401 a tetracycline 
*U resistant version of fd baoterlopnaoe that can he 
propagated as a piasssid that confers tetracycline 
resistance to the infected S.coli host. The applicants 
chose to u^srt after the si « d qe^e 

111 protein for several reasons. In particular, "the 
2S applicants chose to insert after amino acid 1 of the 
mature protein to retain the context for the sionsi 
peptidase cleavage. To retain the structure and function 
of gene ill itself, the majority of the original amino 
acids are synthesized after the inserted immunoglobulin 
30 « abulin sequences were 

designed to include residues from the switch' rsaion that 
links VB-vL to CHI CL ; Lesi . ta .v. Mature 

335, 188-190., 1988 K 

Surprisingly, by manipulating qene ill of 
J a bacteriophage fd, the present applicants have been able 
to construct a bacteriophage that displays on its surface 
...arse :.o. c. oc ma tiy functional antibody, enzvme , and 
racept or molecules whilst remaining intact and 
-"- c: -' N - * nermore, the phages hearinc antibodies 
40 esired spec < 3d free a background 

of phages not showing this specif lei tv« 

The sequences coding for a population of antibody 
rao.iesuo.as and for insertion into the vector to cive 
xpressioj p antibody i ng functic t - th hags 
4 " sc car arietv ox ; „ For 

examp r immure c, i ion- fimunised rodents or humans, 
and from organs such as spleen arse peripheral blood 
rhe codi c tt)i se 

sources by techniques faxu.liai to mose ski 11 so -n the 
50 art (Oriandi, R, , er al, , 1989 supra; larrick, J.W., sr 
si,, 1989 supra; Chi ana, Y « L» . et el. 19R9 Bio 
Techniques 7, p. 360-366? Ward, B.S, er al* 1989 ' supra? 
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Sastry, L. , er supra x ' nkags 

strategies described in examples 14, 33 , ^ 40^ and^ 42, 
Novel strategies are described xn examples , , - 5- -Vs? 
ana 40 tor displaying limeric molecules sg Fso_ and Fv 
5 fragments on roe sun ace of a paage. Eaca inaaviaoai pAs 
■> > tn " ^' ^ ti-ra^e 

respect to their antioen-binding characteristics. 

The disclosure ase by the present applicants is 
, 0 jn 3 ~ , ^ the 

technology relarinq to the production of biological 

binding molecules, their fragments and derivatives oy the 

use of recombinant, methods. 

In standard recombinant technxquss xor tne 
la — , s n * " . t ' ni! ; 

seauences codi.no for the antibody polypeptide cnax.ns xs 

used to < ~> peptides 

uiu < xr , t / use of st 

svsteas. When toe screen detac~ i Os > 1 ' !PC: ^ e 

20 t - i city, coo i - i- 

particular transtc: i >i - «. o„ e* 

antibody polypeptide. Furthermore, the vector contaaano 
the uenco : or ~h . 

then has "to be isolated for use from E.coli In further 
25 processing steps. - s * 

in the present invention however, the 
antibody aoiyoeptida when expressed, is already packaged 
. t „ r ^ This maa 1 *h« n the 

an antibodv polypeptide ox desired specif icity as 
30 selected, there is no need to return to on 

culture for isolation of that sequence. Furthermore, an 
previous methods in standard recombinant: techniques, each 
clone asoressxnq antibody needs to be screened 
The present apt at a th* 
25 selection of clones expressing antibodies with desarao 
or: , d thus only requires screening of clones 

tram an enriched pool. 

Seca ' on eg a pAb ? novel motors cast 

i sp.Ur a mennex of a sax in d an 

40 antxbodv of monct - . . <t 

rhe surface of a relatively simple repiicable structure 
also containing the genetic information encoding the 
membet , " 4 * « 1 

N; s . e ^ c e 

45 covered m oil t f the 

comoie.taen.tarv cetn.oer using for example dietnyiamane, high 

rx by 

iraatwine t * > < r n-j^ no 

sequences encoding tne mender usxng i'CK, 'that is, tnere 
50 is no aecessiay to refer back to the original, oacterxai 

a or sotae purposes, for example immunoprecipitatlon 



WO 92/1)1047 



POV<'iB9I/0ri34 



and soma diagnostic rests, it is advantageous to use 
polyclonal antibodies or antibody fragments/ The present 
invention allows this to bo achieved by either selection 

e by 

5 mixing individually isolated clones with desired 
properties. The antibodies or antibody fragments may 
then be expressed' In soluble form if desired" Such a 
selected polyclonal pAb population can he crown from 
stocks of phage, bacteria containing phaqemids or 
10 bacteria expressing soluble fragments derived: from the 
selected polyclonal population, Thus a rsaaeat 
equivalent to a polyclonal antiserum is created which can 
be replicated and routinely manufactured in culture 
without use of animals, 
: v - ■ ■ ' ' * \~~ 

.na.'v juual rgdps eg ssiae the descred 

specificity eg for an antigen, can he isolated from the 
complex library using the conventional screening 
techniques (e.g, as described in Harlow, E,, and bane, 
20 P. , 1988, supra Oharardt, S et el, 1990, J. Issaunol. 
math, ill psi-68). 

The applicants have also devised a series of novel 
selection techniques that are practicable only because of 
the unique properties of rgdpsu The general outline of 
25 some screening procedures is illustrated in figure 2 
using p&bs as an example type of rgdp y 

The population/ library of pAbs to be screened could 
be generated from immunised or other animals; or be 
created in vitro by mutagen! sing pre-existing phage 
30 antibodies using wr. in the art such 

-ted mutagenesis (S < o v 2 * J et 
ai. ; , 1989 Molecular Cloning a Laboratory Manual, Cold 
Spring Harbor Laboratory Press i . This population can be 
screened in one or more of the formats described below 
35 with reference to figure 2, to derive those individual 
pAbs whose antigen binding properties are different from 

mpis - 
Binding Elution 

Figure" 2(1) shows antigen (ag) bound to a solid 
40 surface (s) the solid surface is) may be provided by a 
petr.3 cisa. chromatography beads, magnetic heads and -:no 
like. The population/ library of p&bs la then passed over 
;ais f the* bi are re ed 
after washing, and optionally detected with detection 
45 system a, A detection system eased upon anti-fd ant i sera 
:Ls illustrated in more detail below in example 4- If 
samples of bound population p are removed under 
a i mj ig strange iorjs, the bind affinity 

represented in each eaepie will increase. Conditions of 
50 increased stringency can foe obtained., for esemple., hy 
ores * ch T.e f sak or changing the pH of the 
soak solution, etc. 
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Referring to figure I 3.1 J uvexgan eg cat; cms 

t v. ~ wO * 

r.rsnuiai hindino molecule c. If a population of mutant; 
0 M;1 :cr a set" of unrelated pAbs } is offered to the 
complex, onxv those that have higher affinity for antxgen 
ag than a will bind. In most examples, only a minority 
n i nopul&tioft o will he displaced by individuals from 
ooouVa-ie- a If c is a t realties! „etxiodv mo~.aeuxa, 
ail bound material can be recovered and bound p reoovereo 
by infecting suitable bacteria and ./or by use of standard 
tecbnacues such as ?CR<. 

An advantaeeous application is where ag .is usee as a 
receotor and c "the corresponding ligand. The reooverea 
bound population p as teen related structuraixy xo the 
receptor binding site/ and or ligand. Thxs type ot 
specificity is known to be very useiux m the 
Dharmaesutxcai industry. 

Another advantageous application .is wnere ag xs an 
antibody and o its antigen. The recovered bound 
population p is then an liotype > th have 

numerous uses in research and the diagnostic; ana 
aeseeuticae 3 stries. 

At present it is difficult to select directly for 
anti~.ldlot.yoe antibodies. pAbs would give the ability to 
do this directly by binding pAb libraries (eg a naive 
library) to 8 ceils (which express antibodies on their 
see an N aring those phage that bound well;. 
t < stanc s ^ d a 

select population p, For example, In the anti-adxarype 
example* above, p can be absorbed against a related 
5oe«5 not bind the antigen. 

However, if c is a oAb, then either or both o and p 
can advantageously be marked in some way to both 
distinguish and select for bound p over round c, Thee 
,k> •> ~, tor pxajtp.e, " ng p 

with blot in; or .rore ado. lcx - 
esameie.. c can be marked with an tccB restriction site, 
whilst p can be marked with an EooK restriction site (see 
Carter, P. et al. , 1985, Unci. Acids Res. 13, 4431-4443 |« 
When bound p+c are ©luted ''rem the antigen ana used to 
infect suitable, bacteria, there is restriction (and onus 
no growth) of papulation c (i.e. EooB restrxc --xng 
bacteria in this example). Any phage that grew, would be 
oreativ enriched for those individuals from p with higher 
foindincr affinities. hU rnstivexy., the genetic marking 
can be" achieved bv ma?: kmc? p with new sequences, uhach 
can be used to specifically amplify p from the mixture 

~ Since the hound pAbs can be amplified using for 
example - or bactex fa * » s ais? 

to reseu the desire pecifici $ ever when insufficient 
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individuals are bound to allow detection via conventional 
techniques . 

w ~~ 1 sethod ::o % oi jnage 

displaying a protein molecule with a desired specificity 
5 or affinity vii.. often be elation from an affinity matrix 
with a Xigaiid (eg example 21) Elation with increasing 
concentrations of ligand should eiute peace displaying 
binding molecules of increasing affinity. However, when 
eg a pAb bines to its antigen with high affinity or 
10 avidity (or another protein to its binding partner's it 
may not be possible to eluts the pAb from an affinity 
matrix with molecule related to the antigen". 
Alternatively, there may be no suitable specific elating 
molecule that can be prepared in sufficiently high 
15 concentration. in these cases it is necessary to "use an 
elation method which is not specific to ea the antigen- 
antibody complex. Some of the non-specific elation 
methods generally used reduce phaoe viability for 
instance, phage- viability is reduced with time at oH12 
mandc £,F, and lander N,D, J. Mol . h i I , -;- 337 399 
1968), There may be interactions between eg antibodies 
and affinity matrices which cannot foe disrupted without 
completely removing phage infectivity, in these cases a 
method is required to eiute phage which does not rely on 

25 disruption of eg the antibody ~ antigen interaction." A 
method was therefore devised which allows elation of 

Ouj - pAbs sndex mild aonltt - :n>, ' reduction ri << >lb - 
group with dithiothreitoi ; which do not disrupt peace 
structure { example 4?}, 

'3 Q This elation procedure is just one example of an 

elation procedure under mild conditions. A particulariv 
advantageous method would be to introduce a nucleotide 
sequence encoding amino acids constituting a recoonition 
site for cleavage by a highly specific protease between 

35 « x , nstance a gene for an 

antibody fragment, and the sequence of the remainder of 
gene III, -Examples of such highly specific proteases are 
Factor X and thrombin. After binding of the phage to an 
* i\ ion to remove non-specific 

40 b.1 - and weak ; *g he strongly bound 

phage would be removed by washing the column with 
protease undez condii ons suitable 5 -j irgestlc; t the 
* ieav „*• c ment 

from the phage parvlcie eiuring the pnaoe. These phaoe 

45 would be expected to be infective, since the only 
iS ^ nou rN pact f .i ?, i reduced. 

Strongly binding phage could then be recovered by 
infecting eg. S.coii TGI calls, 

* VN s - ^ v v ^ v-^ ne above is to take the 

10 affinity matrix which has retained the strcnalv pound nAb 
uno extract the DKA, for a sample by boiling in SDS 
solution. Extracted DNA can than be used to" directly 
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transform g.coli host: cells or alternatively the antibody 
eacoc5i.no secmences can be amplified,, for example using 
PGR with suitable primers such as those disclosed herein, 
and then, inserted into a vector for expression as a 
soluble antibody for further study or a pAb for further 
rounds of selection, 

Another preferred method for selection accord ng to 
affinity would be by binding to an affinity matrix 
contairu.no low amounts of ligand. 

If one wishes to select from a population of phages 
a so ayi retain «-o-«culfe i 

its' X£ga»d, a preferred strategy is r.o bind a population 
Of phage to an affinity matrix which cent earns a low 
amount of iioaneh There is competition between phage, 
displaying high affinity and Low affinity proteins, for 
bindi.no to the liaand on the matrix. Phage oisplayxng 
high affinity protein is preferentially bound and low 
affinity protein is washed away. The high ahixnxty 
orotein is then recovered by eXnfion with the iigand or 
bv other procedures which eiute the phage from the 
affinity matrix (example lb demonstrates this procedure), 
In summary then, for recovery of 'the packaged BhA 
from toe affinity step, the package can he simply ©luted, 
it car-; be elated in the presence of a homologous she 
member which competes with said package for binding to a 
complementary step member? it could be removed by boiling, 
It could be removed by proteolytic cleavage of the 
protein; and other methods will be apparent to those 
skilled in the art eg, destroying the link between the 
substrate and complementary sbp member to release said 
packaged DNA and sbp member, KV any rate, the objective 
is to obtain the DHA from the package so that it can be 
- or .xin ki " e-^ N sbp memher 

encoded thereby , 

£j ^c.i ai this selection procac 
and the ability to create very large libraries means that 
the xmrra anigtses dev^ the 

orocortion of screened ceils producing antibodies of 
interest wail not be an absolute requirement. The 
tsohnioue allows the rapid isolation of binding 
specificities eg antigen-binding speoxf initios , inoiudxng 
those that would be difficult or even unobtainable by 
„v. f n < N •* 3talyti< nti 

liotypic N - ' - ova.1 os the animal ether 

nee v. cempiet library a « 
report care ess Leer, constructed. 

The novel structure of the pAb molecule can be used in a 
number of other applications, some examples of which are: 

V~ e- '~v , ~rr~L t5 "~e s sautx. 

eg pAbs oamexn^ -he obxii-.y co Pino a specific molecule 
eg antigen w ~h amplification, if the major coat protean 
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ss used to ai C y. This moiatv can be 

itta iea ia icaJ s im othm eans 

and can be used, for example, to label the complex with 
^ et " - agents or cytotoxic molecules for use in vivo 

/ ^ ~~ 

The sise of the rgdps eg p&hs can be used as a 
marker particularly with respect to physical methods of 
detection such as electron microscopy and /or some 
10 biosensors, e.g. surface piasssor; resonance,. 

" ~ ^/;(:;w : :y;; ; : 

The rgdps eg p&hs also have advantageous uses in 
5 sstie assays particularly where separation can be 
affected using their physical properties tor ex pie 
IS centrif ugation,. filtration etc. 

In order that the invention is more fully 
understood, embodiments will now be described in more 
detail by way of example only and not by way of 
ation wit erance t ■> s ed below, 

20 Figure 1 shows the basic structure of the sxraniast 

antibody molecule XgG. 

Figure 2 shows schematically selection techniques 
which utilise the unique properties of pAbs? 21} shows a 
cxro v - v i and (2ii) shows a competition 

25 system {p-pAfc? ag=*antlgan to which binding by" oAto is 
required; c*aompetitor papulation e.g. antibodyl »m>, 
ligand; s-subsrrate (e.g. plastic beads etch distention 
system. 

Figure 3 shows the vector fd-tet and a scheme for 

30 the construction of vectors., fdxFs/Bs (for insertion of 
VH coding sequences) and fdTPsAXh for the insertion of 
scFv coding sequences. 

Figure 4 shows the nucleotide sequences for the 
oligonucleotides and vectors. All sequences are drawn 5-' 

35 to 3' and are numbered according to Beck at si,, 1S78, 
Nuci, Acid Res,, S: 4495-4503, 4.1 shows the sequences 
ot the oligonucleotides ^sed for mutagenesis (oligo's 1 
and 2} or sequencing (ollgo 3), The sequences shown were 
synthesized on an Applied Biosystems, oligonucleotide 

40 synthesiser and are complementary to the single stranded 
form of id- tet {they are in the anti-sense form with 
respect to gene XXI). 4,2 shows the sequences of the 
various constructs around the gene 111 insertion site. 
These sequences are drawn in the sense orientation with 

4b respect to gene 1X1; (A) fd-tat {and f dTSSst ) { B ) 
sdTFs/Ss and (C) fdTPs/Xh. The key restriction enryme 
sites are saovn along with the immunoglobulin amino acids 
contributed by the vectors, (amino acid single letter 
code is used, see Harlow, and Lane, D. , 1988 supra, }, 

50 Figure 5 shows the nucleotide end amino" acid 

sequences for soFv in the vector soFvDl,3 eye, This 
gives the sequence of the anti-lysoryme single chain Fv 
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and smrrbundinor sequences in scFvOI.3 myc, shewing the N~ 
terminal pel B signal peptide sequence and i.ne C-tsnaitia.i 
mvc taq seunenee (Ward, E.S, , et si., 198 s,. supra.;. 
?vi so siicwn i the 5 ^ 1 sencs li 

5 ' t~ 3 V *c - Q ^vs 

the nucleotide sequence by the single letter cade, see 
n ens ■ ,. 1988 supra. 
Figure 6 shows the Mnding of pAbs to lysoryme and 
the effect of varying the amount of supernatant < Each 
10 point is the average of duplicate samples. Lysosyroa was 
coared at :i mg/mi in 50 mM NaKCOg. 

Figure 7 shows the effect of varying - ! - 

concentration of iysosvme or bovine serum albumin on the 
bindiaor of oAbs to lysossym© in graphical form. Eacn 
15 ooint is the average of duplicate samples. 

Figure 8 shows the sequence around the cloning site 
In gene" III of fd-CA?2~ Restriction ensyme sites are 
shown as well as the amino acids encoded by antibooy 
derived sequences. These are flanked at the 5' end by 
20 the cane 122 signal peptide and at the 3* end by 3 
alanine residues (encoded by the tfot 1 restriction site) 
and the remainder of the mature gene III protein. The 
arrow shows the cleavage site for cutting of the signal 
peptide. 

2$ Figure .9 shows the binding of pAb (I. o) to 

lysozymes. Binding of phage as detected by ELISA to (a) 
hen ecg-white iysossyme { HSL } (b) turkey egg-wnxte 
Xysosryme .{TED, (c) human lysozytne {HUD, (d) bovine 
serum" alburn = BSA ? . A further control of (a) fdTPs/Bs 

30 to HE&. 

-mure 10 i« pUCl9 . 

Figure 11 shows the ELISA results providing a 
comparison of ivsosvssa-binding by phage -Fab and phage- 
scFv. Vector* MCAT2 (example 5); fdscFv{ OX ) »pAbNQll 

3d ;'Exannis 9); fdVHCKl { DX .3 ) »grown in noma! cells i I . e . 
no l' chain., see example 7); fdFabCB1.3) .a. fd 
(D1.3) grown in ceils containing 01.3 L chain? fdscFv 
< Dl - 3 ) -pAbOX , 3 . 

Fiaure 12 shows '^:r ■ ;. . : r; irsxnxty 

40 nrae „ «•» 

In 4 •: X0 4 fcTFS/Bs phages were affinity purified and 
probed with an oXiaonuelsotide specific for pAh (DX.3) A 
is a Hirer after one round of affinity purification (900 
colonies total } and B is a filter after two rounds (372 

45 colonies total), 

c i otons 

antibobv fragment NQX1 scFva The sequence contributed by 
swn in the dw© ~ 1 eguence oi 

VH is before the linker sequence and the sequence for V.L 
50 s attex " neet 

Flours 14 shows * no : 1" - nu « " a 2 
mil and pAb D1.3 and vector fdTPs/xh to specified 
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Figure IS shows the sequence surrounding the phoA 

insertion in fd-pno^l^l&o < The < >n "sites ed 

for cloning are shown, as well as the ai 
5 by phoA around the insertion site. The. first five amino 

acids of the mature fusion come frets gene 12 X, 

Figure 16(1) shows the structure of gene III and the 

nairve BamMI t - hies ? ed enc was 

inserted in example 13 and figure 16(2) shows the natural 
10 peptide linker sitss A and B for possible insertion of 

scFv coding sequences . 

Figure 1?" shows schematically the ©rotocol for FCR 

assembly of mouse VH and VLK repertoires for phage 

display described in example 14, 
IS Figure 18 shows examples of the final products 

obtained with the procedure of example 14. Lanes a and h 

show the products of the initial PCE using heavy and 

light chain primers respectively? Ian© c shows the 

complete assembled ?00bp product before final digestion 
20 with Notl and ApaLl; HI, H2 markers #174 Hae III dioast 

and 123 base pair ladder {8R£> Limited. P.O. Box '35. 

Washington Road, Paisley., Sc - < 

Figure 19 shows the binding of 12S X~PBGF~BB to id h- 

POGFB-R phage in immunoprecipitatlon assay aro t 
25 to fdTPs/Ss and no phage controls,? binding is expressed 

as a percentage of the "total 125 k-FDGF-BB added to the 

incubation . 

Figure 20 shows the displacement of 12S X->FDGF*BS 
bound to f d-h~ FDGFB~H phage using unlabelled PDGF-EB 

30 measured using an imsmnopreoipitation assay. Binding is 
expressed as a percentage of the total 
to the incubation. 

Figure 21 shows the displacement of 125 J-PDGF»SB 
bound to fd"h~FDQFB-P phage using unlahellsd pdgf-bs 

35 measured using an ipmunocr^ tion assav, Non- 

specific binding of -^I-fdgf-SB to vector 
in the absence, of added unlahellsd FDGF was deducted from 
each point ~ 

Figure 22 shows the results of an EL ISA of lysosyw* 
40 binding by pCAT-3 scFv D1.3 phagemid in comparison with 
PCAT-3 vector {both rescued by M13K07) and fdCLT2 scFv 
OX* 3 as described in exa 

as described in exe< e~e l wi^h red c 
example 18, 

43 Figure 23 shows the digestion pattern seen when 

individual, clones., selected at random from u library ,f 
*xrcu<? ma^- Fv an- an ed from an immu I « S 

Figure 24 shows VH and m gene seeuenees derived 
SO rrom the ~ < librar example 21 and the 

hierarchical library in example ' 22 , 

Figure 23 shows a matrix of EL ISA signals for clones 
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derived frost random combinatorial Xi&rary. Designation 
of the clones is as in figure 24. The mincer of clones 
found with earn cc > is show» als. 

Figure 26 shows a) the > E wi vative 

5 of pUCli.9 csserlhed in example 24; and b) the cloning 
sites in the phagemid pKSK. 

Figure 27. The antibody constructs cloned into fd~ 
CAT 2 and nHENl for display sn the surface oi phage. 
Constructs" I, II,, III and IV wars cloned into both fd~ 
10 CAT 2 (as A»aLX~NocI fragments ) and pHSNl (as S ill -Not X 
fragments) "and pHEHl Us SfiX-Hoti fragments). All the 
construe i ed be heavy chain C'VH} and light chairs 

(VK) variable regions of the mouse anti-phOst antibody 
NQ1G.I2.5. The constant domains were human CK and CHI {% 
IS 1 isotyp©}. 

Figure 28. Three ways of displaying antibody 
fragments on the surface of phage by fusion to gene III 
otein. 

Figun 3- tester; lot h supernatant fca.ian 
20 pKENi- il ( •* ) or pHS»l(~) cultures in E.coli HB2151, 
showina secretion of Fate fragment from pHENl-XI only. 
The anti -human Fab detects both H and L chain. Due to 
the attached omyo tag, the L chain, highlighted by both 
anti-c-myc tag and anti-human CK antisera, is slightly 
25 Urges ica i nd m 4625) then the H chain (calculated 
Mr2314S 5 . 

Figdre 30 is a plot showing the effect: ot lysozywe 
dilution on ratio of ELISA signals obtained using pAbD1.3 
or soluble scFv D1.3. 

30 figure 31 is a plot showing She 

dilution on SLISA signals obtained using fdTseFvDl<3 and 
soluble scFvDl.3. 

Figure 32 is a plot showing positive results from an 
SLISA screen of ohage displaying scFv fragments derived 

35 from the ceil line 013 which express a monoclonal 
antibody directed against oestrloi. 

Figure 33 is a plot < 
SLISA screen of phage 3 £ lerived 

from the ceil line 014 which express a monoclonal 

40 antibodv directed aoaxnst oestriol. 

Figure 34 is a Western Slot showing expression of the 
alkaline phosphatase-gene 3 fusion, l&nl of 30 fold 
concentrate or oaeh phage sample was detecreo on -western 
blots with either anti-gene 3 antiserum £e~f ) or with 

45 anti-alkaline phosphatase antiserum (c-f 5 
a) fd»phoAXaXS6 grown in TGI cells 
fa) fd~phoAlal66 grown in KS272 ceils 
c) fdCCAT2 grown in TGI ceils 

d? fdCAT2 grown in TGI cells,, mixed with 13 ng of 
50 puri a r o phatasa 

e) fd-phoAialof grown in TGI cells 
f j fdCAT2 prawn in TGI calls. 



WO 92/0104? 



PCT/G 891/03*34 



37 

Figure 35 is a Western Blot showing ultrafiltration of 
phage-enssyme iOOpl of SO fold concentrate of phage 
( represent- lag Sails of culture supernatant) was 
eentrifugad through ultrafiltration membranes with 
nominal molecular weight retention of 300,000 daltens. 
Western biota of flow through and rataatata fractions 
were detected with anti-alkaline phosphatase antiserum, 
fhe equivalent of SOOpl of criqln ure supernatant 



10 



e ultra flit; 



in TGI ceils, a) fd~pho&lal6S 
Ltrafiltrntion (short exposure ) > b) fd»phoAlaX66 
before ultrafiltration, c) fd~phoAlal66 material 
retained on ultrafiltration membrane. 

B, Phage were grown in KS272 cells* a) fa*phoAl«166 
before ultrafiltration. b) fd~phoAlalaS 'material 
retained on ultrafiltration membrane, c) fdCAT2. d> 
MCAT2 mixed with purified alkaline phosphatase before 
ultrafiltration. a) Retentate from sample d, f ) Flow 
from sample &♦ 

36 Electrophoresis of samples from staoas of 
Ly, Samples from different stages in the FOR 
Fab assembly process describee" in example 33 were 
to electrophoresis on a It TJUS-egarose gel. 
from a comparable scFv assembly process (as in 
14} are shown for comparison, samples left to 




VL 



seguences encoding VBCK2 domains 

amplified by PCF 

sequences encoding VKCK domains 

amplified by FCF 

Fab assembly reaction performed 

in absence of linker 

Fan FOR assembly reaction 

product VHCHX plus VKCK plus 



amplified by FOR 
sequences sneodinq VH domains 
amplified by FOR 
scFv assembly reaction in 
absence of linker 
ecFv assembly reaction in 
of linker 



Figure 37. Comparison of El-ISA sisnais with scFv 
01.3 cloned in £d~CAT2 (fd> or pCAT-3. pGAT-3 seFvl .3 has 
been rescue *ith >> K0 k h ho 11 Mo 

3} or M13K07 gXIXANc 2 (cflllNo2>. Tftsc dies ire 

at 10 times <i0x) 1 times das) or 0.1 
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iQ.lx) concentrations relative to concentration in the 
supernatant after overnight growth. The fhCAT2 and pCAT- 
3 "aon-rseosbinant vector signals were «ChOI at iQx 
:xmcentrat o Ml 33- id no t all, 

5 as judged by no s tonal above background in this HLXSa. 

Figure 38. Western bcot of PI ed pnage 

used In S.LISA probed with anti~g3p* Free g3p and the 
g3p~scFvDi,3 fusion bands are arrowed. 
Sample 1 ~ fd scFvDX.3 

10 Sample 2 ~ oCAT3 vector 

Saoole 3 - oCAT3 seFvDI.3 rescued with H13K07, no IPTG 
Sample 4 » pCAT3 scFvDX.3 rescued with M13K07 , SOpH IPTC4 
Sample 5 - pCAT3 soFvOl.3 rescued with H13K07 , IQOuH XPTG 
Samole 6 - pCAT3 scFvDI.3 rescued with H13K07 qlllAm* 

15 (no IPTG) 

SamoXa 7 - pCAT3 scFvBX.3 rescued with M13K07 gIIL& he 2 
: (no XPTO) 

Panel A . samples contain the equivalent of 8ul of 
phageraid culture supernatant par track,, and 80uX of the 
20 fd supernatant (lO-fold lower phage yield than the 
phagemidh Panel B phagemid samples are those used in 
panel A at a five-fold higher sample loading (equivalent 
to 40ul of culture supernatant per track) to enable 
visualisation of the fusion band in samples rescued with 

25 

Figure 39 is a graph showing i ' :FvBl,3 
enrichment produced from a mixture of fdCAT2soFvBX.3 and 
fdCAT2TFB4 hv one round of pawning* 

Figure 40 is a graph showing f dCAT2scFvDi - 3 
30 enrichment produced from a mixture of f dCAT2seFvBi . 3 and 
£&CAT2TPS1 by one round of panning. 

Figure 41. Western blot of phage proteins of 
fdCAT2(l) and fd»-tet~SNase( 2 } with suti~g3p antiserum* 
Marker molecular weights hands are i - 
35 Flour® 42. Nuclease assay of soluble s^ase. (3 ng)(A~ 

U.rd~t«t-SNase<4 x 10 9 TU, (H~l) , fd»CAT2 ( 2 x 10 iU TU H C~I ) 
and of a PEG- precipitated fdCAT2 and SNase mixture C 2 x 
10 i0 TU and 0 ~ 7no } ( D- 1 ) in a 10- fold dilution series (1 to 
3 or 4). Marker sM) is a Hindi! I digest of A •• DNA ( New 
40 England Bioiabs } . 

Figure 43. ELXSA signals obtained with fd~tet, fd- 
CD4-V1 and £d~CD4-viv2, In each group of three, the 
samples are left to right phage concentrate < SH ) ? phage 
concentrate plus soluble CD 4 C SM + SC.D4 } : phage 
45 concentrate plus op 120 ( SH + gp 120), 

Figure 44. shows the DNA sequence of scFv BIS (snti- 

HP 5 . 

Figure 4S shows a map of the insert of sequences 
encoding .FvDl.3 present in id- tat FvDX.3 (example 39). 
SO "ha 5 the ho om« nding site. Gens XIX is 

now shown in its full length. 

Figure 46, shows an E1XSA assay of phages displaying 
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FvDl - 3 or scFvBl < 3 by binding to plates coated with 
Xysogyme* Si factors 
are shown* FvBi.3 ^ St ffer which doe s?p *ss p< 

was used as a control . 
5 Figure 47, snows a schematic repr fclon of steps 

involved in the PCR assembr." of nncico - e a 
encoding human Fab fragments. Details are m example 40, 

Figure 48. shows A. a map or plasmid pJMl-FabDX.3 ■ 
which is used for the expression of soluble human Fab 
10 fragments and as a template for the synthesis of linker 
X3HA for Fab assembly* S. a schematic representation of 
sequences encoding a Fab construct, c. The sequence of 
DMA template for the synthesis of linker dna for Fab 
assembly , 

15 Figure 49. shows s schmatic representation of steos 

involved in the PCR assembly of nucleo • s t 

encoding human scFv fragments, Details are in example 

Figure 50. ELISA assay of phaos antibodies using 
20 plates coated with turkey egg lysogyme. Two clones SI 
and A4 are shown derived by mutagenesis and selection 
from pAbDl«3 {example 45). Concentration (k axis) refers 
to the concentration of phage for each sample relative to 
the concentration in culture supernatant. Si 



to turkey egg Ivsogyme compared to 331,3, 
sgg ivsogyme compared to D3 
Figure SI. ELISA of phage "antibodies binding to 



and TEL. Clone X is fac*T2sc3ev»i.3. Clones 2 to" 10 were 
obtained from the library (example 46} after selection. 
3D The background values as defined by binding of these 
clones to ssa were subtracted* 

Figure 52, shows the DH& sequence of the light 
chains D1.3 HIT and WZ1 derived by selection from a 
hierarchical library in example 46, 
35 Figure 53 shows a Fv lambda expression vector 

{example 48) derived from p«C119-. It contains the 
rearranged lambdal germ line gene. The heavy and light 
chain cassettes each contain a ribosome binding site 
upstream of the pel B leader (Restriction sites shown as; 
' lilt 



The following procedures used by the present 
applicants are described in Sambrook, J. at al,, 1989 
supra.: restriction digestion, ligation, ^reparation of 
competent calls ; Hanaftan method), transformation, 
analysis of restriction ensyee digestion produces on 
agarose gels, purification of DNA using 
phenol /chloroform, 5 8 -end labelling of oligonucleotide©*, 
filter screening of bacterial colonies, preparation of 
2aeTY madi.- • -.. plates, preparation of to ne stocJ? 

solutions., PAGE of orote - ^reoarario? z 
buff ' ' ' ... 
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40 



45 



supplies by New England Biolahs (CP 
Laboratories", PQ Box 22, Bishop's Start ford,, Herts,, 
England ) and were used according to manufacturer's 



The sector £d-tet (Zacher, A*N-» et al., 1980, supra) 
was obtained from the American Type Culture Collection 
(A'TCC No. 37000) and tras • ned is :< te? ?<33 calls 
(genotype; K125 (lac-pro), sup E, tM t hsdDS/F traD38, 
pro A*B*, Lac lac SHIS). 

Viral particles were prepared by growing TGI cells 
containing the desired construct in 10 to 100 mis 2xTY 
jsediusi with 13 ao/ml tetracycline for 16-24 hours;. The 



medium with 13 pg/ml tetracycline 

culture supernatant was collected oy cenrrxrugarxoo xu*. 
200 rpn? in an 8 x SO ml rotor S< ; 
15 oeotrifwge. Phage particles were precipitated by adding 
1/Sth volume 20% polyethylene glycol ;'FEG;/2.5M MaCl and 
leaving at 4*C for 1 hour. These were spun for 15 
minutes as described above and the pellets resuspended in 
pn 8, im 3SOTA to 1/lOOth of the original 



vol 



I by spinning for 2 
stranded DMA for 




Q|^iE§E^l^^ M^t^BM^MA 

covers the construction of two 
derivatives of the phage vector £d~tat: a) ft 
the insertion of VK ceding sequences; and b) fdTPs/xh for 
the insertion of sefv coding sequences. The derivative 
vectors have a new BstEII site for insertion of 

X^jHgf^ ^ xamuftoglobul^^ 

™This a&ampie covers the insertion of scFv coding 
sequences derived froro an anti-lysozywe antibody D1.3 
into fdTPe/Xh to aive the construct fdTscFvbi.3, 

I ±^l^£32**icsi. 9l |grB^9l>HM!l 1- Pqg^%^i£*£ 

^"""""This exasmle covers the insertion of VH coding 
sequences derived from an anti-lysosyme antibody D1.3 
- give the err 1 fdTVHDl.3. 



investigates the i ficities 
of the constructs fdTsoFvDl,$ .and :fdTVHDi,3» 

' Thx construction of the 

derivative fdCAT2 of the phage vector fdTPs/Xh. The 
derivative has restriction sites for . 
infrequently. 
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1 f^ e 6 Specific Binding of I 



example shows the binding of pAfo idTscFvDi.3 
to lysossyma by 



This example cone . ; lay of 

fragment at the phage surface. The VH-CH1 chain is 
f dCA?2 . 



an antibody Fab 



by fdCAT2, The YL-Ci* chain is expressed by 
pUCl§ in a bacterial host cell also inflated with *6CA72. 

How a phage {e.g.- fd'FsePvSl .. 3 } 
displaying a binding molecule can ha isolated fross vector 
phage by affinity techniques* 

\ntri -Hapten 



This sx&a 



example concerns the insertion of scFv coding 
sequences derived from the anti-ossassolone antibody MQll 
into fdTPs/Xh to generate the construct pbtoXQU . The 
example shows the binding of pAhNQll to oKasalone by 



This example shows how a 



phage { eg » pAfoB 1,3) 
displaying one sort of biding molecule can be "isolated 
(0.0, pA&NQXX} a Ing another sort of 

techniques* 



binding molecule by aff inlty 




enssyme into the vector fdCAT2 to oive 
fdpheAlail" 



invention of coding 

me ve 

1X8. 

,w ^ a r^g^m^s^-. 

35 {alkaline phosphatase) when displayed at the phage 
(fdphoAlaX6o). 

M*M *g*&££&«g j£l$t 



This example r;vcrs the in 



example covers the insertion of scFv cod inn 
sequences derived frois a) the anti-Xysosytne antibody 
01,3; and fo) the anti-ostassalona antibody NQ11 into a 
BamHl siii < ,r r in ro give the constructs fdTBaml 

an N011 insert. 



concerns a syste i'02 s H. splay on 
phage of all VK and VLK repertoires encoded by a mouse. 
The system involves the foil owl no steps „ 1) Preparation 
of mh from spleen. 2) Preparation of cDNA ' from" the RNA 
3) Use of primers specific for antihodv sequences to PGR 
amplify ail VH and VLK am: 
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ana VLK segueooes 5) Uee of PGR to assemble continuous 
Wh imlm N « 5 Linker ana 

a VLK sequence. The specific VH/VLK combination is 
randomly derived 6} Use of PGR to introduce restriction 
5 sites. 

Huc^ cl jc-^:: ici?: 1 or" FL u * el* 1 : J: : * r :^ von ^?ttL.l I lid- V. 

. „•. ;:dc 

TrJd ix:^:p7o concerns toe insertion of coding sequences 
10 for the extracellular domain or the human receptor tar 

PSGF into the vector fdCAT2 to give the construct 
PDGFBH „„ . 

Fxamoie 16^ m.ndincL„qi_I25 I»FDGF-BB jo ...t^_ Extraocular 

Doiil'n oj£jjfhe £ x ». 1F1 FPOF I so form. BB 

i 5 SpspIayT^^ triioiS^' J££iH3_Jt£ 

fhli""ixample ihows that the rmna~ reee? 
BB is displayed on the surface of the phage in a form 
which has "the ability to hind its Xigand* 
20 Construction ' ■ 

Fuisd v. th- s„ > ' - x „ 

This example " concerns the < > 

based on pUC119 which separately contain gene III from 
MCAT2 and the gene III scFv fusion fdC,* 
2S g « tT3 scFvDI.3 respectively, 

Ssamnle IB . Baseus^J^t i~Lvso^^^ 

frcST oCAT3icF vDi . 3 bzJOM® 7 

TSrsxiile describes the rescue of the coding sequence 
for the cene IIIscFv fuel ? ^VDl 

30 helper phage growth, eheg i «un $h m to be displaying 
scFv anti-ly? > yme icti fey bj l SA. 

? < « 19 , Transformation El N ^ = _J1L, " 

- i 

> r < icy of the 
35 pVC119, pGAT~3 and pCAT3scFvDl . 3 and the phage fdCAT2 to 
trans form E.ooli . 

Example 2 O^FCR Assembly of a Single Chain Fv hibr^y irqm 
• ' 

c for the display on phage 
40 of scFv (comprising VK and Vh) from an immunised niouse 
using the basic technique outlined in example 14 CcDNA 
orenarcrion a ly c k ~ir ~i v f L.* 

- - oires i and liqating the PGR assembled ^sequences 
Into fdCAT2 to create a phage library of 10 s clones. 
43 Testing of 500 clones shoved that none showed specificity 
against ph >x 

Examois___2.i.. Selection of Antibodies Specific for 2 Z 

pinv'l^T- r-i:„:: ■;. ■ .-■ : ."■ : F* :,e.r :!: ' ill ' :' " .. .v. : 

50 Tb shows that phag< <n frosts the - ihrarv 

established in example 20 can fee subjected to affinity 
selection usino phOX to select those phage displaying 
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scFv with the desired specificity. 

Example 22, Generation of. Further Antibody Specificities 

^...^^^^...Mt-tt^-x. . oi -iv: r •• - • ■ ""^"z '£xT«T."" 

This sKampie ocncsrns the eonsH-JcHon" of hierarchiai 
5 libraries in which a given vh sequence is combined with 
the complete VLK repertoire and a given VLK sequence is 
combined with the complete VH repertoire and selection 
from these libraries of novel VH ana VI, pairings. 
Example , - ^~ < ( - y^d on 

1 0 Bag- tsriophage wi fch ""51 iter eat K'f'H"aTtIes for'" 2 » phenvl ~ 5 ~" 

C^i p- . \ t n o - ' 

This ex*- i ion by affinitv 

techniques of phages displaying scFv fragments with 
differing binding affinities for a given antioan, 

15 ~*«np^ . -h Construction of Fhaosmid nEBHl for the 

J§g3rliii^ surf ice 

r - s -~* i -is. ot the 

phassmid phENl derived from pUC119, pHSNl has the 
50 features shown in Fig, 26, 

.?.a.^?P.lf:....?.£.: EobT:Mi Gf Singiej:hain Fv end Fab_ JFraainerits 

Derived from the NQ 1Q.12.S on 

c , """ "' 

This example describee the display of scFv and Fab 
25 fragment with a specificity against phOx on the surface 
For display of scFv the phagemid 
pHBNl comprises the eeoeenoes encoding scFv {VH end VL) 
for rescue by either the 

display of Fab the phage £dCM»2 comprises the sequence 
30 for either the H or L chain as a fusion with g3p and the 
phsgemid pHENl comprises the sequence for the sporooriats 
H or l> chain partner. 

- ~ a G ene XII 

sT £H§i°iLJ£iih v 1 . ^ or Light _ Chains by 

— ' : 1 ~ s . » i «■* ^ 

' ? «nd JJ; o f t : ; x :. r _ Technique 7"\i *~ ,i 

~™ — 
This example "covers the use of phage antibodies 
encoding the antibody heavy or light chain to rescue a 
40 phagenid encoding a gene 3 protein fusion with the 
complementary chain and the assay of Fab fraomsnts 
displayed on phage in ELXSA. The use of this technique 
in the preparation of a dual combinatorial library is 
discussed, 

4 - !5i:li§ 12 —d;.:- : .:o SoIublsjicFv and Feb Fragments 

fhi covers the general on of soluble scFv 

and Fab fragments from gene III fusions with sequences 
s^c, - vs.cn of clones in pHENl 

50 in an E ♦ ooli strain which does not suppress amber 
mutations . 

£ML { l£id^ in EL ISA of Lysosvifie 
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»sigg_fdTscFyQl,3 as Pits n ' > ^reo^to^luble 

rh' ~< ^ 

I ^winq hat v's " ^ - l 

5 with phage antibody fdTscFvGi.3 than with soluble 

8CFvD1.3. 

Example 29 o_ - , . ^ House 

10 fhis example covers the display cm phage as 

functional scFv fragments of two clones directly derived 
from cells expressing monoclonal antibodies directed 
against oestriol. Both clones 
functional using SL1SA, 

l r ; \ , < Kis oerti * 1 * . ! ' 

^ - v " ' \ . 

' Tn> *"dr 
kinetic properties of an enayme, alkaline phosphatase,, 
displayed on phage are qualitatively similar to those of 
30 the same ensytne when in solution* 

EKajnp Is 31 Demons t ration using „ * * 

dijsnsd^Alhi^^ 

~ Ills example concerns the construction of he « i a 
25 enssvme id 5 o and the demonstration that both the 
fusion protein -made and the catalytic activity observed 
e particle. 

aphv of Phag e Alkali ne, 

30 " "This examola concerns the binding ox alkaline 
pbosoi i s ! played or. pnage to en ars 
affinity column and specific siution of these phage using 
the reaction product, phosphate, 

Examnls 33 PCH Assembly g£_ Dj^E^oding__ th^J^n^rajjment 
In r i - \ ~ 

h * i " * 1 - % - 

eneodina e Fab fragment by separate ition oi 

heavv and light chain DNA sequences foil 
The construct was then inserted ^nro ti 
40 fdCAT2 and the phagemid vector pHSHl and m » * - 
disoiaved on the surface was shown to be functional, 

*: stion oj * Gene II J3£l2®E 

""""'^Thi® examole describes the construction of a helper 
45 ' phage derived from HI3K0? by deleting sequences in gene 
ill"* Rescue of pCATS-scFvDl „3 is « he 
scFvCl«3 is expressed at a high level as a fusion using 
the deletion phage, equivalent to expression using 
fdC.AT2~scFvDl»3». 
50 Example 35 ^ 

:f:: : a'snin:.:s di reorid'2j^:;n inst Ivsojrvxne ixom sis tares 
accordlna to "if' f InTtv xislng ' 'e^mix;g r :: i?n:v?n.i£i 
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This action of bact 

according to the affinity of the sol 

lysosyme which is ©stressed on their surface., 
of different affinities wore hound to Petri 
ted wir" 1 

phage ©luted using trie ere found 

where substantial, enrichment could he obtained for a 
phage with a 5 -fold higher affinity than the phage with 
which it was missed* 

This example concerns the construction of a phage 
Staphylococcal n s and the 




for detains 

of CD4 f a cell surface receptor and member of the 
immunoglobulin super family f into bacteriophage fd, 
receptor is shown to ha functional on the surface of 
phage by binding to the HIV protein gpl2ft. 
3aL *" 



into a gene for an antibody cloned in phage by growth of 
the phage in strains which randomly mutate DHA due to 
detects in replication. Several mutations are 

introduced into phage which can then be selected from 




shows that functional Fv fragments can 
be expressed on the surface of bacteriophage by non- 
covaient association of VK and VL domains. The VH domain 
is expressed as a gene III fusion and the VL 
luble poiypepti 



soluble polypeptide. Sequences allowing express!©* of 
these domains from the anti-lysoryme antibody 01,3 in 
this form were introduced into phage and the resulting 
displayed Fv fragment shown to be functional by ELXSA. 
IS'toLes^af J£ ' t0r ^e^ste^; Cloning of 

i-i £ lor the assembly of Fab 

a od;.e sas I 3 a 

for genes for antibodies directed against Rhesus-D ~in a 
human hyi - -all line, 
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This example scncsrhs' the construction of f and 
displav of ph , mtAl dies trots a phagexnid needing a 
human Fab fragment directed against the Rhesus D antigen. 
Phage displaying this antigen were then affinity selected 
froia a background of phage displaying scFvBl.3 anti- 
Ivsosyme on the basis of binding to Rhesus-D positive red 
blood' calls, 

42 A PCR Based T 



X0 "™" ; ThiiTl^ampXe describes rhe generation of libraries 
wed from an unimmunxsed hussem 
Examples are ' given of the preparation for phage display 
of libraries in phagesids of scFvr fragments derived from 
laG and ig^l: sequences. 

IS Example - 



isolation, from the 
IgM genes of an 
for phage antibodies 




ivsosyme and oxaisoli 
was bv panning or affinit tc ph} an maiysis os 

binding" j Lty by EEXSA » Sequencing of the clones 

this covers the isolation, from the library 

of scFy fragments of nnimmunized human IgM genes, of 
clones of phage antibodies of clones for phage antibodies 
specific "for thvrocrlobulin and oxazolooa. In this 
example rescue was with M13K0?gXII No3 ( NCTC12478 } , a 
helper phage defective in gene XII. Fewer rounds of 
selection appeared necessary for - phagemid library 
rescued with this phage compared to one rescued with 
MX3KQ7. 



of 

oCM'scFvDl.3 by replacement, with random amino acids, of 
40 residues known to be of importance in the preferential 
reoonnition of hen egg lysosyme over turkey egg lyscsyme 
by scFvDl»3. Following selection for phage antibodies 
recocmisiog turkey egg lysosyme by affinity 
chromatography, clones were analysed for specific: :y m 
45 ELXS&* Two croups of clones were found with more equal 
recognition 'of ben and turkey lysosymes , one with 
increased ELISA signal with the turkey enzyme and one 
with reduced signal for the hen enzyae. 

This example s nt cz Che VI domain 
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4? 

of scFv!)L3 specific for lien . «sg©whit© lysoa^m® { HBL ) with 
a library of VL domains allows selection of scFv 
ft&gmmits which bind also to turkey aogvhite ty g 
(TEL), The scFv fragments were d 

selection by panning on tubes coate rs , Analysis 

by EhlSK showed clones with enhanced htndlng to TEL 
compared to HEL, Those with haahe^ * i 

sequenced. 

ja^j^^ecticm of a 




examples covers the use of a cleav&fele bond tn 
the affinity selection method to alow i < ~ bound 

phage under mild conditions. pAbNQll was enriched 
approximately 600 fold from a mixture with p*bD1.3 by 
selection using Motinylated Gx-BSA bound to n \ - 
beads, The cleavage of a bond between SSA and the blot in 
allows eiution of the phage. 

prev ia 




produce en 
directed a* 



of cell selection to 
toed pool of genes encoding antibodies 
4~hydroxy~3~nltrophenylaeetia acid and 
describes how this s , it th-- 

SSrSS'oir— — — * repertoires displayed 



insertion Pointy Linkers and Construction of 




fd~tet has two 
— v,„* tetracycline resistance 
the strategy for inserting the VK f~ 
them into a newly inserted BstEXl 
it was advantageous to delete the 
from £d~tet. This was achieved by 
the restriction ensyme BstElf, 
overhangs and re-ligatino to genera 
Digestion of fd~tet with BstElX 
carried out in lx KGB buffer (100 mi 
23 m Tris-acetate (pH 7.5}.. 10 ttM 
ng/ml bovine serum albumin, 0. 

S -nforook, a., et ai. f 1989, 
concentration of 25 nc/ul. The 5 
in, using 2x KGB buffer,. 250 uM » 
Ltd,, Pharmacia Hous< 

es, Bucks., ok. } 
International, Lincoli 

.» XM) et 0.04 units. /pi 
at room re;.' » cure, SNA 



restriction sites 
ms (fig 3). Since 
ragments was to 1 lasts 
sits within gene ill, 
original BstElX sites 
digesting £d-tat with 
filling- in the 5' 
fce the vector MTdBst. 
( 0 » S units./ pi } wee 
po tass j uj 5 c 3 u c amate , 

ace ate 50 

5 m dithi* 

} with DNA at a 
overhang was filled 
h dNTP ' s (Pharmacia 
Boulevard, Hilton 
Fragment ( Amerahom 
Bnd, Aylesbury, 
incubating tor 1 
extracted with 
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ol/c - N 1 * * 

Ligations ware carried out at a mh concentration of 
SOnq/ul). Ligations were transformed into competent TGI 
cells and plated onto TY plates supplemented with 15 
... r .) tetracycline. This selects for vectors where the 
gene for tats » esistano t '< einserte 

into the sector "during the ligation step. Colonies vmxe 
picked into 25 mis of 2xTV medium supplemented with lb 
uq/isl tetracycline and. grown overnight at 37*C. 
10 ~" Dou 

;,ea:: I':: Kit (BiolOl Inc., FO Box 
2234 La 3oIIa.~ California, 92038-2284, USA. ) and 
accordine to the small scale rapid plasmid DNA isolation 
oroeedure described therein, The orientation of a ot the 
1.5 resulting clones was checked i ction enr^p 

Clai. A clone was chosen whrch gave the s 
restriction by Clal as fd-tet, but which had no Sets II 
sites- 

In vitro mutagenesis of fdTdBst was used tt 

20 vectors havinq appropriate restriction sites that 
facilitate cloning of antibody fragments downstream of 
the gene 1X1 signal peptide and in frame with the gene 
ill 'coding sequence. The oligonucleotide directed 
... . >is svsi a e sloj 2 {Amersham - nal) was 

25 used with oligo I i figure 4) to create iWPs/Bs (to 
facilitate cloning of VH fragments }x The sequence 

~ Ps/Bs (figure "4) was confirmed using fch« • - ■ 
version' 2,0 kit (USB Corp., PQ Boas 22400, Cleveland , 
Ohio, 44122, UsA,} with oligo 3 (figure 4} as a primer, 

30 A s« 

single chain Pv fragments) was ' < s 

5 ■ bs with oligo 2 according to the method of 
Venkitaraman, A,R., Nucl. Acid Has. 17, P 3314, The 
sequence of fdTPs/Xh (figure 4) was eon: 

35 saquenase version 2,0 kit (USB Corp,) with oligo 3 as a 
primer , 

Clear Xv, alternative constructions will ~e a : 
to those skilled in the art. For example, H13 and/or its 
host bacteria could be modified such that its gene III 

40 could he disrupted without the onset of excessive cell 
death? the modified id gene XII, or other modified 
protein., could be incorporated into a pi a em id containing 
a si nolo stranded phage replication origin, such, as 
oOCIig, surer infect ion with modi fled phage such, as KG? 

45 would then result in the encapsulation of the phage 
antibbo^ genome in a coat partially derived from the 
helper phage and partly from the phage antibody gene III 
cons «uet a<&tailQd C0 53 Struc , t i 0n 0 f a vector such as 

5.0 fdTPs/Bs is only one way of achieving the end of a phage 
antihodv. Fox fcx.i a 
clo Lnq sis (Clackson T. and Winter, G, 
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mal. Acids. Res,, 17, P 10163-10X70) could be used to 
avoid use o~ ti st2 - - " - sts and/or ligation 

steps, 

5 insertlorTof Immunoglobulin Fv Domain Into Phage 

The plasmid scFv 01.3 mys {gift from g. Winter and 
A. Griffiths) contains VB and VL sequences from the 
antibody DI . 3 f used via a peptide XiMmr sequence to i oris 
a single chain Fv version of antibody 01.3. The sequence 

10 of the seFv and surrounding sequences in seFvDl.3 mye la 
shown in ficure 5. 

The 01,3 antibody is directed against hen ago 
lysossyme (Harper, M* et al. , X987, Holec. Immunol, 24, 
97-108} and the scFv form expressed in E.coli has the 

15 same specificity (A. Griffiths and G, Winter personal 
Communication ) » 

Digestion of scFv 01.3 aye with PstX and Shoi (these 
restriction sites are shown on Pig. 5), excises a 
fragment of 693 bp which encodes the hulk of the scFv. 

20 Ligation of this fragment into fdTPs/Xh cleaved with Pstl 
and XhoX gave rise to rhe construct fdTscFvDX.3 - tcodin< 
the gene 111 signal peptide and first ansi.no acid fused to 
the complete 01.3 aeFv, followed by the mature gene III 
protein from amino acid 2. 

35 The vector fdTFs/Xh was prepared for iioation by 

digesting with the Pstl and XhoX for 2 hours followed by 
digestion with calf intestinal alkaline phosphatase 
(Boehringer Mannheim tM Ltd., Bell Lane, Lewes, East 
Sussex, m? XLG) at one unit/ul for 30 minutes at 37«c. 

30 Fresh oalf intestinal alkaline phosphatase was added to a 
final total concentration of 2 units/ul and incubated for 
a further 30 minutes at 3?*C, The reaction was extracted 
three times with phenol /chloroform, precipitated with 
ethanol and dissolved in water. The insert from scFvDX.3 

33 myc was excised with the appropriate restriction enssymss 
(Pstl and Xhol) extracted twice with phe; 
precipitated with ethanol and dissolved in water. 
Ligations were carried out as described in example 1, 
except both vector and insert samples were at a final 

40 cone - j on of 6 ng/ui each, The formation of the 
correct construct was confirmed by sequencing as 
described in example 1. 

a. proteins of the expected size 
were produced, virions were concentrated by PEG 

43 precipitation as described above. The samples were 
prepared for electrophoresis as described in Sembrook a. 
et al 1989 supra. The equivalent of 2ml s of supernatant 
was loaded onto an 18% SDS > w < » gel. After 

cesis the eel was soaked in gel runnino huff ex 

SO 0 m txia, 3 with 20% ethanoi 

for 15 minutes. Transfer to nitrocellulose filter was 
executed in fresh Ik running buffer/20% methanol using 



m 

TH70 Semi' Phor a semi-dry blotting apparatus C Hoof far, 
654 Minnesota Street, Sox 77387, San Francisco, 
California 94107, USA.)- 

AFter transfer, the filter is blocks ncuh 
5 for 1 hour in a 2% solution of milk powder (Marvel) in 
chose ' 

VH protein sequences in the phage antibody fusion 
proteins was effected by soaking the filter for l hour 
with a x/1000 dilution (in 2% milk powder) of a rabbit 

10 polyclonal antiserum raised against afs , i purified, 
bacterial ly expressed soFv fragment (gift from 0. 
Winter). After washing with FBS (3x5 minute washes ), 
bound primary antibody was detected using an anti -rabbit; 
antil r^dls peroxidase • (Sigma, 

■ i 5 ; i , Dorset, BK1? 7NH, UK. ) for X hour. 

The 'filter was washed in PBS/0.1% triton X-100 and 
d«velooed with 0,5 sag/ml 3, 3 f -dlaminofoenaldiiie 
tetrahydroehloride (DAB), 0.02% cobalt chloride, 0.03% 
hydrogen peroxide in FBS. ...... 

20 The results showed that with clones f dTVHDl . 3 Urom 

examole 3 incorporating sequences coding for VK) and 
-pore ting segtsences coding for scFv) a 
protein f h* >a 92,500 Saltans is del \ 

hf the anti-Fv serum. This is the expected sisse for the 

2S fusion proteins constructed. This product is not: 
observed in suparnatants derived from £d~tet, fdTdBst or 

pie 3. 

Insertion, of l^unog'.otuiin yu i ^ i - . • s f *• .vw\(i 
30 fh« Eraqs £r« ' crated frc 

plasmid pSWl-VHD1.3-TAGl (ward, e.s. et al«, 1989 
supra. 5 . Digestion of this plasmid with Pstl and BstEXl 
generates the fragment shown between positions 113 and 
432 in figure 5. Cloning of this fragment into the Pstl 
35 and BatBIX sites of fdTFs/Bs gave rise to the construct 
fdTVHDI.3 which encodes a fusion protein with a complete 
VH domain inserted between the first and third 'ami**© 
acids of the mature gene ill protein (amino acid two has 
been deleted). 

40 The methods used were exactly as .In example ... ex 

that the vector used was f axPs/Bs digested with Psti ana 
BstEXl . 
S :e spls 4, 

Anilviis ax Binding Specificity of ^ ^ » ' * * ^ 

45 ^ - s phage an es to th 

specific sntiqen, lysosyme was analysed us 
techniques. Phage antibodies (e.g. f dTVHDl . 3 and 
fdTsc FvDi.3 ■ were grown xn E.coli and Phage antibody 
particles were precipitated wttt PEG as da : * i.n the 
50 materials and methods. Bound phage antibody particles 

ex urn x t.seo 3 

the closely related phage Ml'3« 
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FL1SA plates was q 9 we J 

( Falcon Micro test HI flexible plats, k Falcon t Bee ton 
Dickinson Labwar©, 19 50 Williams Drive, Oxnard, 
California, 93030 , VSh > } with 200 ui of a solution of 
5 lysocyme { irag/ml unless otherwise stated ) in 50 mm KaHC03 
for 16-24 hours. Before use, this solution was ' i, 

the plate rinsed several times in PBS and incubated with 
2Q0 ui of 2% milk powder /PSS for 1 hour, AFtsr rinsing 
several times with PBS, 100 ul of th te sa 
10 added and incubated for 1 hour. Plates were washed (3 
rinses in 0.05% Tween 20/FBS followed by 3 rinses in PBS 
alone). Bound phage antibodies we: n sv adding 

200 ul/weli of a 1/1000 dilution of sheep ®«ti-M13 
polyclonal antiserum (gift from G. winter, although an 
15 equivalent antibody can he readily made by one skilled in 
the art using standard methodologies ) in 2% milk 
powder/PBS and incubating for 1 hour, After washing as 
above, plates were incubated with hiotinylared anti -sheep 
i rm > fc 3 tas Plates 

20 were washed as above, and incubated with streptavidin- 
horseradish peroxidase couples { Amershars; International } . 
After a final wash as above, 0*5 mg/mi &BTS substrate in 
citrate buffer was added (ABTB * 2 * 2- ' -aainobls {3~ 
ethylbenathiassoline sulphonic acid),? citrate buffer « 50 
25 saM citric acid, SO mM tri~sodium citrate at a ratio of 
54:45, Hydrogen peroxide was added to a final 
concentration of 0.003% and the plates incubated for 1 
hour, The optical density at 405 xm was read in a 
Titartek muitiskan plate reader. 
30 Figure 6 shows the effect of varying the amount of 

phage antibody. 108 ul of various dilutions of peg 
precipitated phage were applied and the amount expressed 
in terms of the original, culture volume from which it was 
derived. Signals derived fro® both the scPv containing 
35 phage antibody ( tdTscFvBl, 3 ) and the VH containing phaoe 
antibody (fdTVHDI.3) and the VH containing p»aa« 
were higher than that derived from the phage antibody 
vector (xdTPs/Xh). The highest signal to noise ratio 
occurs using the equivalent of 1,3 mis of culture. 
40 Figure 7 shows the results of coating the plates 

with varying concentrations of .iysoryme or bovine .serum 
albumin (B8A). The eguivaient of .1 ml of the original 
phage antibody culture supernatant was used, The signals 
from supernatant s derived from fdlsoFvDI, 3 were again 
45 higher than those derived from fdTPs/Xh when lysozyma 
coated wells were used, rhe.ra was no significant 
difference between those two types of supernatant when 
the plates were coated with BSA. Broadly speaking the 
level of signal on the plates is proportional to the 
50 amount of iysosyme coated, These results demonstrate 
that the binding detected is specific for iysosyme as the 
antigen. 
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T~to design vectors that enable the 

of r jT^as st cut SNA in 

Sus av< ? * ~~ n ~ 

>ce. Enzymes with an 

P^ht' he oonit 5 - Pi cuias 

in this respect,/ for example Notl and SfiX. Chaudhary at 

al ( pKAS 87 p I 066-1' 5 1 " D } hsv 1 

ction - o~ ux rare : in a " 

oene*. The applicant has designed and constructed a 
vector that utilises two of these sites, as an example ot 
how this type of enzyme can he used. Essentially sates 
for the enzymes ApaLX and HotX were engineered into 
fdTFs/Xh to create fdCAT2. 
The oXiaonuoXeotiae; 

5 hC T Tl - TTC TGC GGC CGC CCG TTT G^X CTC GAG CTv 

CAS rT GA CT<3 TOC ACT GTG AGA ATA <M 3' 
svnthesised (supra fig 4 legend) and need to 
"iTPs/Xh using an in vitro mutagenesis Kit 
•stemation; ? sribec - - pie 



fd«GAT2, The sequence of £d~CAT2 
arouad the site of manipulation by h^A sequencing. The 



i point within gene ill 
is shown "in figure 8. 

N.B. fdCAT2 in also referred to herexn by the alternative 
terminologies £d~tet~DOOX and fdDOQl, 

to lysoayme was further analysed by E1ISA. 



— ~"CuJ^¥i^5r phage transduced bacteria were prepared 
in 10-100 mis 2 x TY medium with 15 pg/mX tetracycline 
and grown with, shaking at 37 *C for 16-24 hrs. Phage 
woeraatant was preoared by at he culture 

(10 min at 10,000 rpm, 8 x 50 ml rotor, SorvaX KC~e>B 
centrifuge}. At this stage, the phage titre was X ~ 5 x 
lOWal transducing units. The phage were praerpxtaten 
bv adding 1/5 volume 20% PEG 2.5 M Had, leaving for 1 hr 
at 4*C, and centrifuglnq (supra). The phage pallets war© 
re««soended in 0 af * * pH 8,0 to 1/X00th 

t*e original volume, and residual bacteria and 
aggregated phage removed by oentrifugaf ion for 2 rain in a 
bench" microcentrifuge , 
SLISA 

— j>X a tes were coated with antigen - I nil ant n 

and blocked as described in example 4. 2 k 1G 10 phage 
trsheduci.bg units were added to the antigen coated plates 
in ohosphate buffered saline (FBS) containing 2s skimmed 
milk powder (MPBS). Plates were washed between eacn step 
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with three rinses of 0.5% Tween~20 in PES followed by 
tiara© rimes of PBS.- Sound phage was develop©*! by 
incubating with sheep anti~M13 antisera ana detected with 
horseradish peroxidase (HHP) conjugated anti-goat serum 
S (Sigma, Poole, Dorset, UK) which also detects sheep 
immunoglobulins sad AB?S (2*2' -azinobis ( 3 - 
ethylbero - . me suiphonie aexd U r* . were taken 

at 405 nm after a suitable period. The- results (figure 
9) show that the antibody be 

10 pattern of reactivity as the original si. 3 antibody 
(Harper, , Lama, F. , Boulot. G« f and Polish, F.J. 
{1987} Moiec, Immunol < 24, 97-108 } , and bound to hen ego- 
white Ijsmyjm, but not to. turkey egg-white lysozyjae, 
human iysozyme or bovine serum albumin, The specificity 

IS of the phage is particularly illustrated by the lack of 
binding to the turkey egg-white lysossywe that differs 
from hen egg-white lyso&yme fey only 7 amino acids. 
Examp le 7. 

Bxpi x I I 3 

20 The < ample was to demonstrate that the 

scFv format used in example 2 was only one way of 
displaying antibody fragments in the pAh system. A more 
commonly used antibody fragment is the Fab fragment-, 
{ figure 1 } and this example describes the c x i on of 

25 a phb that expresses a Fab- like fragment on its surface 
and shows that it binds specifically to its antigen, the 
applicant chose to express the heavy chain of the 
antibody fragment consisting of the VH and CHI domains 
from coding sequences within the pAb itself and to co~ 

30 express the light chain in the bacterial host cell 
infected with the pAb. The VK end CHI recions of anti- 
iysosyme antibody »1»3 were cloned in fd C&T2 ,. and the 
corresponding light chain cloned in ptasmid pUC19. The 
work of Skarra and Pluckthun (Science 240, ol 038-1040 

35 (1988) and Setter at al. 1988 supra; demonstrated that 
muitijneric antigen binding .fragments of the antibody 
molecule, could be secreted into the periplasm of the 
bacterial ceil in a functional form using suitable signal 
sequences. However, in these publications, special 

40 measures were des<.. needed to recover the 

binding protein from the cell, for example Skerra and 
Piuckham needed to recover the Fv fragment from the 
periplasm by affinity chromatography. The present 
applicants have shown that it is possible to direct the 

45 binding molecule to the outside of the cell on a phage 
partic o h oss that requires several, events to 

occur; correct secretion and folding of the binding 
molecule; association of the chains of the binding 
molecule; correct assembly of the phage particle; and 

50 export of the intact phage particle from the ceil. 

* t§ at ve 5 i Ls poss.; u sowever, to express 
the light chain from within the pAh genome by, for 
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e xaatple , elonmg an expression cassette into a suitable 
place in the ohace qenorae. Such a sui~. sle - *ce would 
be ) ion whi< N cloning 

site v : erivatlv© of ths ; ' - 

3 -see,, for example, Yaaisch-Perron, C. et al.. Gene 33, 
, 1 0 3 - i 1985})- 

The starting point for this example was the clone 
Fab Dl » 3 in nUCX9, a man of which Is shown in figure 10. 
The regions hybridising n 

10 5 ad in fig 1( 

encoding the VH-CH1 region {defined at the 5' and 3 ! 
edges by the oligonucleotides KSJ6 and 7 below) was pgr 
aeoiified from Fab D1.3 it pX - , » 

ks 2 6 and 7, which retain the Pat X site at the 5' ana 

15 and introduce a Xho I site at the 3' end, to facilitate 
cloning into fd CAT 2 , The sequences for tne 
oligonucleotides KB J 6 and 7 are shown below. The 
underlined region of KSJ7 shows the portion hybridising 
with the sequence, for 81,3. 

20 KSJ6:S «3 G 3 * 

KSJ~ I OG1 GAC CTC GM 1 LI £ 3 

PGR conditions were as described in- example II, except 
that thirty cycles of PGR amplification war* 
with ties at 92«C for 45 seconds,, annealing at 

25 55*C for 1 minute and extension at 72*C for 1 mis 
The template used was BHfc from TGI cells cent,. 
D1.3 in pHCl$ resuspended in water and boiled* The 
tame late DNA was prepared from the colonies by picking 
some colony material into lOOgl of distilled K^O and 

30 boiling for 10 mine. Ipl of this mixture was used in a 
20uX PGR. This regime res ed i - . t±oi 
expected xnateiy SOObp. This fragment 

was cut with Par I and Xho I, purl J ad from < 
gel and ligated into Pst X/Xho 1-cut £dCA?2. The PGR 

35 mixture was extracted with pr» and ethanol 

precipitated (Sambrook et al, supra. ) foefc 
with Pari and xhol {New England Biolabs according to 
manufacturers recommendations . The fragment was resolvec 
1 rri -Acetat* EDT? agarose ge Sarafes a al. 

40 supra) and purified using Geneclean (8X0 101, Geneciean, 
La Jolla, San Diego,, California, OSA) according to 
recommendations . 
fd.~CAT2 vector DNA was 5 
s New England BioLafcs) according to manufacturers 

45 recommendations , extracted with phenol/chloroform and 
sthan - at al supra. ) 

75ng of Pst 1/Xho 1 "digested vector DNA was ligated 
to 40ng of PCR-amplif led Pst 2. /Xho I -digested hEGF-F. 
fragment in 12ul of ligation buffer .' 66mH "r\ hsi-'il 

SO oH?.i .. Sm.M e toJ lOGug a» bovine 

serum albumin, O.SmM ATP, 0,5mM Spermidine) and 40C units 
T4 DMA liqase { New Eneland Biolabs) for 16 hours at 16*G. 
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-Two pi of the ligation mixture was transformed into 
200*0. of competent .S.coli MCI 061 cells, plated on 2TY 
agar containing ISpg/mX tetracycline and * incubated at 
30 *C for 20 hours. A portion of the ligation reaction 
S mixture was transformed into S.coXi MC1061 (Aval il 
from, for example Clonteeh Laboratories Inc, Palo Alto, 
California) and colonies identified by hybridisation with 
the oligonucleotide 01 * 3CDR3A as das , *mple 10* 

The presence of the VHCHl gen* - < . - 

10 confirmed by PGR, using oligonucleotides KBJt and ?. 

CAT2VKCH1 Dl » 3 , 




Of Fab 81,3 

light chain gene "was peri fled 
agarose gel, and IGng of this DMA self -1 looted 
" into competent E.coli TS1, 



and transformed into competent E.coli T01, Cells % 
plated on 2TY agar contain! \ m m i) 

incubated at 30 i ; 



overnight. The rssuitin t ;os were 

P^p DMA (Saabrook et al > supra}, and 
the absence of the heavy chain gene confirmed by 
digestion with Sph I and Hind III, A representative 



clone was called LCD1.3 DHC. 

An overnight culture of m C&T2VHGH1 D1.3 cells was 
microcentrifuged at 13,000X0 for 10 minutes and 50uX of 
25 the supernatant containing phage particles added to SOul 
of an overnight culture of ,LCSX»3 DHC cells. The cells 
were incubated at 37 «C for 10 minutes and pla < : 
agar containing ampiclilin (XOOpg/ml) and i5pg/mX 
tetracycline. Phage were prepared from some of the 
30 resulting colonies and assayed for their abiXity to bind 
lysosyme as described in exampXe 1 § * 

The results (Figure XI) showed that when the heavy 
and light chain Fab derivatives from the original 
antibody DX.3 were present, the pAb bound to lysosyrae. 
33 pAb expressing the fd VHCH1 fragment did not bind to 
lysosyme unless grown in cells also expressing the light 
chain, This shows that a functions! Fab fragment was 
produced by an association of the free light chain with 
VBCH1 fragment fused to gene XIX and expressed on the 
surface of the pAb. 

sxc, Peeirea Phage frm a Mixture of 

* .icant purified pAb {01,3} ( originally called 
fdiscFvDX.S in example 2) from mixtures using antigen 
affinity columns, pftfc (01,3) was mixed with vector * fd 
phage (sea tabic I and appro* a ma ul\ 10- U - phag passed 
over a column of iysosyma-Sepharose {prepared from 
cyanogen bromide activated sepharose 48 (Pharmacia, 
Milton Keynes, Bucks, UK.) aceordioo to the manufacturers 
Instructions- TGI calls were infected with 
dilutions of the elutes and the colonies 
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enalvsfco by probing with -«n oligonucleotide that detects 

12 • A room »» 

fold enrichment of pAhiBX.3 5 was « i a sxngle 
column pass. Bv growing the enricheo pnage &m pasting 
5 it down the column again, enrichment® of up to a mxllion 
fold were seen. 

Enr ^ c""8tent was also demonstrated um 
immunological criteria. Foi ' < ? e C»* J 

ratio of 1 p^h (01.3) to 4 x 10 te fdTPs/Ss) was suhjectea 

10 to two ~o«*.a » ^ t ' -lection, and then 25 colonics 
pick t t Ight The ,1 = 

?or lysostvme binding by ELXSA (as example 6). Fxve 
colonies yielded phage with lysqayjae binding activities, 
see table 1, and these were shown to ansae 

ttq :.r screening (example 13, usin ;les ot 

minute at 92°C, 1 minute at 6Q«C, 1 minute at 72»C using 
CDR3FCK1 and oiigo 3 (fig. 4} as primers) - 

Thus 'very rare pAhs can. be fished out of aires 
populations, by using antigen to select and then screen 

20 the phage. 

In this examoie, affinity chromatography of pAbs and 
oligonucleotide probing were carried out as describee 

beXOW Wro5cimateiF 1G 12 phage particles in 1ml MPBS were 
23 loaded onto a 1 ml lysoryoa-Sepharose atxrnrty coxumn 
which had been prewashed in ^-pbs. The column was washed 
in turn with 10 ml PBS; then 10 ml SO m Tris-UCl, 500 mM 
mcl m 7,5; then 10ml 50 mm Tria-HCl 500 tm NaCi pH 8.t>; 
then 5 mis 50 mm Tris-HCl, 500 m NaCi pK 9.5 ad i 
30 with txiethylamine) and then elated with b ml 100 mM 
triethylamine, The sluate was neutralised with M 
sodium" phosphate buffer pH 6.8 and bh< ge ! Ktwd foi 
analysis . . For a second round of ef £ 

the J 'first column eluate was plated to about 30,000 
35 colonies per petxi After overnight growth, 

i iss were, then scraped into 5 ml 2 x TY medium and a 
20 ul aliguot diluted into 10 ml i 

overnight. The phage was FEC precipitated as desmoea 
above, resnspandea in 1 ml MPBS and loaded onto the 

40 column, washed and elated as above. 
Oligonucleotides sythesisefi: 

C " C{A or f 5 C(A or T) GC COT \JVA JTA CT^ 
TGC 3' ., 

40 pmole of oligonucleotide VEXFOK (Ward, E. S-„ et 

45 a x (1989; Nature 341, 544-546), specific to pAb (01,3) 
was ono^ - with 100 pCi a-32F ATP hyortexsec 

(lpmoie/"ml) to nitroce d < t rs at :w"C in 6 x 
saline sodium citrate (SSC) Sambrook en ax., supra- 
buff er for 30 minutes and allowed to coot to room 

50 temoerature for 30 mans, washed 3x1 min at sQ J C m 0.3. 
x SSC, 

9 
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Oxaaraione is a hapten that is commonly used for studying 
the details of the imssusn <s ;p ase. The anti-oxazalone 
antibody,. HQ 11 has been described previously ( E* 
S Gher&rdi, R* Pannell, G. Milstain, J. mmmol. Method 125 
81-68 K A piasssid containing the VH and VL gene of 
was converted to. a seFv form hy insertina the' Set SIX /Sac! 
fragment of scFvDl,3 asvc- (nucleotides 432-499 of Fig, 5} 
between the VH and Vfc genes to generate psoPvNQll,, the 
10 sequence of which is shown in fig, 13, This scFv was 
cloned into the 35 hoi sits of >d 

earlier) to generate pkh NQ11 has an internal Fstl site 
and so it was necessary to do a complete digest of 
pscFvNQll with Xhoi followed by a partial dices t with 

is Fsti), 

The specific bindina of pAb NQ11 was confirmed using 
ELISA. 3SLXSA plates were coated at 37*0 in SO mM MaHCOS 
at a protein concentration of 200 pg/ml . Plates were 
coated with either hen egg lysozyme (KSL) t boy - 
20 albumin { SSA } f or BSA conjugated to oaassolon© (OX-BSA) 
(method of conjugation in Makela Gi , , Kartinen H. > 
Pelkonan J.L.T., Karjalainen K. { X97S) J. Sxp. Med. 148 
1644), Preparation of phage,, binding to ELXSA plates"," 
' ding and detection was as described in example 6 < 
duplicate and the average 
after 10 minutes presented in figure 14. 
This result demonstrates that the pAb NQ11 binds the 
correct antigen. Figure 14 also shows that pAb BX.3 and 
pAb NQXX bind only to the antigen against which the 
original antibodies were raised., 

ALigJSSES! o* other pAb by 

In 10 mis of PBSM at the ratios of 
35 pAb D1.3 to pAb MQll shown in table 2 were passed over a 
l ml iysossyme Sepbarose column* Washing, elution and 
other methods were as described in example 8 unless 
otherwise stated, Eluates from the columns were used to 
infect TGI ceils which were then plated out. Colonies 
40 were probed with a probe which distinguishes pAb Di.3 
from pAb NQ 1 1 „ The sequence of this" q ^qonucli • 
(Dl. 3CDR3& i ia:- 

5'GTA GTC AAG OCT ATA ATC TCT CTC 3' 

Table 2 presents the data from this experiment. An 
45 enrichment of almost 1000 fold was achieved in one round 
and: an enrichment of over a million fold in two rounds of 
purification. This parallels the result described in 
example 8. 

50 I£; Encoding an... . gaggae (Alkaline 

ion of a functional 



WO 92/91847 



58 

enzvme on the bacteriophage surface, the applicants have 

chosen bacterial alkalis phosj s zysse that 

n^aUy functions as a aimer {McCracken, S. and Meighen, 

E., j/ Biol. Chftm. 2S5, p23SS-2404, ( 1980 } } . The 
*$ cligomicleotidas were designee to g* 

with an An [ Ire at the 5 5 end of phc-A gene and a Not 
1 site at its 3' and, thus facilitating cloning into fd~ 

CAT 2 to create a gene III fusion protein.. The 
oligonucleotides synthasisad wares 

10 pho % C s AC1 5 r A" CGG ACA CCA 
G&A ATO CCT GTT CTG 3* and., 

phoA2:S* AC?-. TGT ACA TGC GGC CGC TTT GAG CCC CAG AGC GGC 

The t ace of the ohoA gene is presented in Chang Co H. 
IS et ai.; Gene 44, pl2X~125 (1936). The nlasmid amplified 
{ pEKt 

from the sequence of Chang et al, by a mutation which 
converts srqinine to alanine at position 166. 

The PGR reaction was carried o i 10 m 

20 Tris/HCl pH 8.3, containing 50 m KC1, SmJWNTF 2,5 wM 
MaClo, 0,01% gelatin, 0.25 enits/wX of Tag polymerase 
(Cetue/Perkin Elmer) and Q,5ag/mi template, m< 
was the pEK86 pXasssid (described by Chaidaroglou et ai,, 
Biochemistry 2? »833S~8343, 1988), The PGR was carried 

25 out in a Techno 

dri-block usi.net thirty cycles of 1 min at 32 *G, 2 min at 
SO'C, 3 min at>2»C« 

The resultant product was extracted wxtn 
phenol: chloroform, precipitated with athanoi, end she 

30 pellet dissolved in 3Spl water. Digestion with 0,3 
units /pi of Apa hi was carried out in 150*tl vol use 
according to manufacturers instructions for two hours at 
3?*C, After heat inactivation of the < t 65 {< C , 

met was added to a final concentration oi SGatf 

35 units /ul Not! ensyme added. After incubation for 2 hours 
at 37'C. the digest was extracted with phs < 
and precipitated as above, before being dissolved xn 3Gui 
of water . The vector £d~CAT2 was sequential i 
with Apa LI and Hot! according to the manufacturers 

40 inst > and treated with calf intestinal alkaline 

cnoaehaeaee as described in exa » 

extracted three times with phenol : chlorofon, 
precipitated with ethanol and dissolved in water. The 
lications ware oer formed with a final DNA concentration 

45 o£~i~2na/pl of both the out fa -CAT 2 and the digested PCR 
product. The ligations were transformed intc j - i 
TGI cells and plated on 2xTY tet plates, identification 
of clones, containing the desired insert was by analytical 
PCR performed using" the conditions and primers above, on 

50 boiled samples of the resulting colonies. The correct 
5- phoA gene fused fram« 
was called fri-pho&la 186. The sequence at the junction 
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of the cloning region is given in figure 15, 
Sauauie 1 2 

: ';:'^; : ;?ZrI:-:2 LlHZH ; ....:iv:L: : ll\:L^;....^ i? : - 5' - - * ; '- )"<■ - 

C^ernight cultures of TGT "o™KS272 (s.eoxi calls 
5 lac h K. L. , and Beekwith a, m*& 85 

1576-1580, 1988) cells containing fitter fd~phoAia 166 or 
f£<»CAf-2 were grown at 3.7* C in 2&TY with 15pg/mi 
tetracycline. Concentrated, PEG rs saga were 

prepared as described earlier. Ensvme assays (Mai am v 

.10 m.h. and Horecker B.L., Biochemistry 3, pl893~i8g?i 
(1964) ) were carried out at 24 s C in a final concentration 
of 1M Tris/HCl pH 8.0, ImM 4-nitrophenyl phosphate 
(Sigma), ImM HgC12. XOOpi of a two ties ;e strata of 

this reaction mixture was mixed with lOOul of the fast 

IS sample in a 96 well plate, Ahsorbance readings were 
taken every minute for 30 minutes at a wavelength of 
4QBxm in a Titratak Mk 2 plate reader. initial reaction 
rates were calculated from the rate of change of 
absorbance using a molar absorbance of 17000 l/tnol/e». 

20 Standard curves ( amount of ensyme vs. rate of change 

of absorbance) were, prepared using dilutions of purified 
al alkal-nr ^se C Sigma tyoe III) in lOmM 

iris/HCl pH 8.0, IsiM EDTJU The number of &nzvm& 
molecules in the phage samples were estimated from the 

25 actual rates of change of absorbance of the a tN \ > -> 

and comparison to this standard curve. 

The results in Table 3 show that alkaline 
phosphatase activity was detected in PES precipitated 
material in the sample containing fd~pho&Xal66 but not 

30 .£a~CAT2. Furthermore, the -level of activity was 
consistent with the expected number of 1-2 dimer 
molecules of enaywe per phage. The level of enzyme 
activity detected was not dependent on the host used for 
growth. in particular, fd~phoAia!66 grown on phoA minus 

35 hosts showed alkaline phosphatase activity, 

Therefore, the phage expressed active alkaline 
phosphatase enryme, from the phoA-gene III fusion, on the 
phage surface, 
spla 3 

40 insertion o£ « - into alte r j 

Pnago -™_™ 
The availability of an alternative site in the phase 
for the insertion of binding molecules would open up the 
possibility of more easily expressing more than one 

45 bine e e.g. an antibody fragment in a single 

pAh. This may be used to generate single ca: multiple 
binding specificities. The presence of two distinct 
binding activities on a single molecule will greatly 
increase the utility and specificity of this molecule. 

50 If may be useful in the binding of viruses with a high 
mutational rare such ss has : iis ds - :;y virus. In 
addition, it may be used to bring antigens into close 
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tsroxitaitv (e.g. drug, targetting or cell fusion) or it 
mav act as a "molecular clamp" in chemical, immunological 
or" enzymatic processes. a 

<?ha -vector fd-tet ~nc the a 
hare, have a single BamHl site in gen© 3, This has 
previously bean used for the expression ox peptxae 
meats on the surface of filamentous bacteriophage 
C . Science 228 pa.315-1317 and de la Cruss 

et ai. (1988 3 Biol - £63 1 «J»3 This 

provides a potential alternative site for the insertion 
of antibody fragments. 

BHA s J ling scFv's ~t 

Generated "by PCR using the primers shows below. These 
primers were designed to generate a fragment with BamHl 
sites near both the tar ex nil, to enable cloning into the 
BamHl site of gene3 (see figure 16(1) K The 
oligonucleotides used, also ensure that the resulting PGR 
product lacks Fat! end Xhol restriction sites normally 
used for manipulating the scFv's (see figure 16(1}), 
This will facilitate subsequent manipulation ot a second 
antibody fragment In the usual way et the H terminus of 
gene N * - I otides used were;- 

G3Baral S'TTT AAT GAG GAT CCA CAG GTG CAG CTG CAA GAG 3 f ' 
G3Sam2 5*AAC GA& T8G AfC CCG TTT CTG AM? OT 3* . 

rtion was carri out la an SO ul 
reaction as described in example - l using lng/ul of 
template and 0,25U/pl of Tag polymerase and a cycle 
regime of 94 *C for 1 minute, 60»C for 1 minute and 70*C 
for 2 minutes over 30 cycles. The template was exthar 
pscFvMQli (example 9) or scFvDI,3 myc (example 
Reaction products were attracted with phenol? chloroform, 
precipitated, dissolved in water and di< feh BamHl 

according to manufacturers instructions ~l,> iigesx was 
re-extracted with phenol; chloroform, precipitated and 
dissolved in water. 

The vector fdTFs/Xh was cleaved with BamHl and 
treated with calf intestinal phosphatase and purified as 
described in example 2< Ligations were set up at a 
vector concentration of approximate \ - nd a PGR 

insert concentration of approximately 3ng/yi. These were 
I i oat ad for 2,5 hours at room temperature before 
> competent TGI colls ess plating on TY 
tat plates". The resultant colonies were probed as 
described in example 8. DMA was prepared from a numoer 
of colonies and the correct orientation and insert sxse 
confirmed by restriction digestion with Hind til _in 
isolation or in combination with BamHl, (One Kmd ell 
site is contributed by one of the primers and the other 
by the vector ) . 

Two clones containing a D1.3 insert (fdTBaml) and 
fdTBam2) and one containing an NQ11 insert (NCliBarol) 
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grown up and phage prepared as described earlier. 
ELXSAs war© carried out as described .in example 6, No 
specific signal was found for any of these clones 
suge<~ * * - Is not a suitable 

5 sits for insertion of a functional antibody (results not 

It may be possible to clone into alternative sites 
to retain binding activity. The pej . tap; 
In gens XII may provide such a site (figure 16 blocks A 

10 and B } » This can be done by inserting a BamKl site and 
using the FOR product described above. To facilitate 
this, the natural BamHl site was removed by strut agones is 
with the oligonucleotide G3»ut$8am shown below (using an 
in vitro mutagenesis kit CAmersham International } > i - 

IS i SBm 5' CA A AC GAA TGG GTC ZTC CTC ATT A 1 

The underlined residue replaces- an A residue, thereby 
removing the SamHl site, DHA was prepared from a number 
of clones and several mutants lacking BamHl sites 
identified by restriction digestion, 

20 The oligonucleotide 03 B&miink was designed to 

introduce a BamHl site at a number of possible sites 
within the peptide linker sites A and 8, see figure 
16(2), The sequence of the linker isi 

Samlink S'CC (0 or A) CC ACC CTC CGA TCC (6 or A) CC ACC 
25 CTC 3 ! 

Its relationship to the peptide repeats in gene 111 is 

hown i , jus a It < 
Example 14 

PCC" or a i VT K Repsrr; 

30 '" — ™— 

luscratftd in figure 17. Details 
are provided in sections A to F below but the broad 
outline is first discussed. 

1, cOHA is prepared from spleen RNA from an appropriate 
35 mouse and the m and VLK repertories individually 

amplified. Separately, primers reverse and 
complementary to YH1F0B>2 (domain 1} and VLR2SACK 
(domain 2} are used to amplify an existing seFv- 
containing BNA by PCR, (The term FOR refers to e.g. 

40 a primer for ampiiMcation of s&quenees on the sehse 

strand resulting in antisense coding sequences « The 
term BACK refers to e.g. a primer for amplification 
of sequences on the antisense strand resulting in 
sense coding sequences } . This generates a ' linker ' 

45 molecule encoding the linker with the amino acid 

sequence (I letter code) (GGGCS)- which overlaps the 
two primary (VH and VLK } PCR products, 

2. The separate amplified V H , VLK and linker sequences 
now have to be assembled into a continuous DNA 

50 molecule by use of an 'assembly- PCR, in the 

secondary assembly; PCR, toe VH ( VLK and I in 
bands are combined and assembled by virtue of the 
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_ referred to overlaps, this generates an 
assembled DNA fragment that will direct the 
expression of VH and" one Vt*K domain. The specific 
VH/Vt 5 the 

«> I ste VI- sxi K. repex res v ^ . jc . s dove 

The essetahlv PCH is carried out in two stages. 
Firstly, ? rounds of eyeliner with just the three hands 
©resent' in the PCR, followed by a eurtl i ounds in 

the presence of the f leaking primer® vms&CK (referring 
10 to domain 1 of VH) and VLKFGR, the nucleotide sequences 
ule primers are provided under the 
section entitled 'Primer Sequences 5 below. This two 
stage process, avoids the potential problem of 
preferential amplification of the first combinations to 
IS be assembled- 

For dionieq into the phage sy 
repertoires must fee 'tagged"' with the appropriate 
restriction sites. In the example provided below this is 
ilius - providing an hpaLl restriction site at the 

20 VH end of the continuous IMA molecule and a Not 1 site at 
the VLK end of the molecule. This is carried out by a 
third stage TO using tagged primers. The nucleotide 
sequences for these oligonucleotide primers are also 
orovided under the section entitled *S»ri 
2S below. There are however, 4 possible kappa light chain 
sequences (whereas a sinqle consensus heavy chain 
sequence can fee used). Therefore 4 oligonucleotide 
ruences are provided for VLK. 
For this third stage PCE, sets of primes whi< . 
30 create the new restriction site and have a further 10 
nucleotides on the 5' side of the resit \ ite have 

been used. However, long tags may give better cutting, 
in which case 15-20 nucleotide overhangs could be used. 

scrupulously clean procedures must fee used at all 
35 times to avoid contamination during PCR. negative 
controls containing no mh must always fee includes to 
monitor for contamination. Gal boxes must be 
depurinated. A dedicated Geneoiean kit { B10 lQX t 
Geneclean, La Jolis, San Diego, California 
40. u«e lino to manufacturers instructions to extract 

DMA from an agarose cel. The beads, Mel and the NEW wash 
should fee aliguoted. > _ 

All enzymes were obtained from CP hat t * i>.U. 
Bos 22, Bishon's stortford, Herts CM20 SDK and the 
45 manufacturers 




5 ton a -100 lysis, pnanoi/SDfe 
■ oi m\ gives excellent results with spleen and 

hvbridoma cells (the addition of VKC (veronal rihcsyl 
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complex } as an RNase inhibitor is necessary for spleen 
calls ), Guanldinium isothiocyanate/CsCl procedures 
(yielding total cellular HNa } also give good results but 
are core time-consuming, 

1, Harvest I to 5 x 10 7 cells by centrif uoaticn in a 
bench tops centrifuge at SQGxg for 10 "minutes at 
4*C. Resuspend gently in SOmi of cold PBS buffer. 
Centrifuge the cells agi n *t 300 n IQ unutes 
at 4*C, and discard supernatant. 

2, On ice, add 1 isl ice-cold lysis buffer to the pellet 
and resuspend it with a iml" Gi iscn pepette fcv aently 
pepetting tip sod down. Leave on ice for 5 minutes / 

3, After lysis, remove cell debris by centrifngioo at 
1300 Tpm for 5 minutes in a micro! sea at 4'C, in 
preceded tubes. 

4, transfer 0,5 ml of the supernatant to each of two 
eppendor fs containing 60pl 10% (w/v) SDS and 250 pi 
phenol {previously equilibrated with 100 m Tris-HCl 
pH 8,0). Vortex hard for 2 minutes, then micro fuge 
(13000 rpm) for five minutes at room temperature. 
Transfer the upper, aqueous, phase to a fresh tube, 

S- Re-extract the aqueous upper phase five times with 

0,5 mi of phenol, 
6* Precipitate with 1/10 volume 3M sodium acetate and 

2,5 volumes ethane! at 20*C overnight or drf ica~ 

isopropanol for 30 minutes* 

7, wash the RKA pellet and resuspended in 50 pi to 
check concentration by 00280 and check 2 ug on a 1% 
agarose gel, 40pg of 8NA was obtained from spleen 
cells derived from mice. 

Lysis buffer is [lOsiH Tris-HCl pH 7.4, im HgQIZ, l$Qm 
NaCI, IQrsM VRC (New England Biolahs ) , 0,5% Cw/v) Triton 
X-100'3 , prepared fresh. 

Lysis buffer is [lOrnM Tris-HCl pH 7,4, im MCClv, 
l$0tm NaCl, IQm mc (Bew England Biolabs), 0,5% (w/v) 
Triton x-1003, prepared fresh, 

8. up:;: Preparation 

cDNA caxT~be prepared using many procedures well 
known to those skilled in the art, As an * 
following protocol can be used; 

i. Set up the following reverse transcription mix; 

pi 

H- ? 0 (DEFC- treated) 20 
SsaM dKTF 10 
10 k first strand buffer 10 
O.iM PIT io 

FOR primer* s) (10 pmoi/ul) 2 (each) (see below) 

BHasin (P&me&br- 40 u/pl > 4 

KB 

IT DBPC is diathyipyrocsrbonate,. the function of which 
.is to inactivate any enzymes that could degrade DNA 
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■i 3 ; dNTP .is deoxvnueieotids triphosphate 

iii 'j rr s a motion of whiei is as an 

antioxidant to create the reducing environment 

aeceasar; for or - rfcicn. 
iv! RNasin is s ribomxc lease inhibitor obtained from 

Promsga Corporation,, 2800 Woods Hollow Road, 

Madison, Wisconsin, USA. 
?. Dilute 10 go RNA to 40 ul final volume with DEPC- 

treated water. Heat at 65 B C for 3 minutes and hold 

on ice. for one minute (to ressove secondary 

structure). , . . , 

msl I ul of the cloned reve C3 tea <S a 

HT ' iAnaiian Biotech Ltd., Whitehall House, 
Whitehall Road, Colchester, Essex) and incubate at 
42 "C for one hour. 
4, Boil toe reaction mi* for three minutes, cooi or?, ace 
for one minute and then spin in a sxcrotuge to 
pellet debris. Transfer the supernatant to a new 
tube. 

10 x first strand huff or is [l,4M KCi , Q.SM Tris-HCl 
pH 8,1 at 42 5 C BOmH McCl 9 i- 

The ©risers anneal to the 3' end- Examples ox kappa 
light h ' MJK2FQNX f MJK4 ONX and 

MJ&5FONX provide 5 

j - a HIGQ 2 HO Ghi AGO 

GA CC\ i Co 1 i vi'C AGG OCT CCA TAG 

TTC OA) which anneal to C81»- 

AX tar natively,, any primer that hinds to the 3 s end 
of ths aaraabi* reap n /B VLK, VL, or to the constant 
regions CHI, CK or CL can be used. 
• 

reactions are set op (e.g. one reaction for each of the 
four VLKs and four VH PCHs ) . In the following, the Vent 
DHA poivsierase said by ' Laboratories Lac (hew 
Sncrtand Blolats } address glean above) was used. The 
u»s t - >. - hv CP. Laboratories. 

Ml 

H 2 0 32.5 
10 x Vent buffer 5 
20 a Vent SSA 2. '5 

SmM dNTPS 1.5 
FOR primer 10 pmoi/ul) 0-5 
BACK primer iOpmoi/pX 2,5 

The FOR and SACK, ©rimers are given in the section below 
Primer Sequences a the TOE primer 2 

? OJ 3 d thu BACK nrijs tlBACi C he F0 

pranar? ax*. *VNL \ J-VNX '-'OJ 4? a and M OrtV 

r z toi resps ti ■: esppa ignt cha i snc - BACr 
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primer is VK2BACK . Only one Kappa Xigtvr anazr. BACK 
primer is necessary, oecause fom&inq is to a nucleotide 
ssqusnr ,< - t^x- „ 

Pooie, Dorse-, UK;, Place, on a cvciinq- heating block, 
e.g. PBC-2 manufactured by rechne Ltd. "bustford UK, pre- 
set at 54°2. Add lui vent DN& polymerase unae'r v ne 
paraffin. Amplify using 25" cycles of 94*C I six n . 72* C. 2 

Purify on a 2? mp low relting point aaarose/TAE 
=; tris-acecate SDTA >gel and extract the DMA to 20 ui H-0 
par original PCR using a Geneelean kit i see earlier ; In 

lance with t furors instructions . 

5 D 

Set up in bulk Ye. g. 10~ "times ; 

HgO 34,3 
10 x Vent buffer 5. 
20 x Vent BSA Z*5 
'itm dNTPs 2 ' " 

rimer 10 pmoi/al) 2.5 
LINKBACK primer iOpcioi/ui 2,5 
DNA from fcFv DX.3 * example 2; i 
Vent anxwis p. 2 

The FOR and BACK primers are given in the section bel©« 
entitled 'Primer Sequences 1 . The FOR primer is LIHKFOB 
and the BACK primer is LINKBACK. Cover with paraffin and 
place on the cycling heating block {see above) at 94 e C. 
Amplify using 25 cycles of 94*C 1 crn, 65 :: C 2 cm, 72 9 C 2 
»in. Post -treat at 60*C for 5 min. 

Purify on 2% lap/TAE gal { using a ioadino dye 
without crocopeenol blue as a S3bp fraomant is desired: 
end slurs with SPIN-X column ( Cos tar Limited, 205 
Broaoway, Cambridge, Ma. USA, ., .; and preexcitation. Take 
up in 5 pi H->o per PCH reaction, 

g- gt:p.c:L..y PCRs 

A quarter of each PCH reaction product ( 3ul ,> is 
usee for seen assembly. Tee total volume is 25»X. 

For eacn of the four VLK primers, the following are 
set up: 

H*>G 4,95 
10 x Vent buffer 2,5 
20 x Vant BSA 1,25 
SsjH dNTPs 0.8 

"V irradiate this mix for 5 min. Add 5ui eacn of Vh and 
VK band from toe primary PCBs and 1.5 ui cf limser as 
isoeateu iter tne precarative geis and excrsotea usxns 
toe Genecxean kit ss described in 0 and D accve. Sever 
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with paraffin Plc-c - - tn: ovrlxng ne- 
at Q4'C. Add lul vent: under the carat fin- Amplify using 
7 cycles of 94 8 C 2 mln, 72 *c 4 sen. Then return the 

Add l.Sri earn of VHiBACK and the appropr sate tar Or 
primers MJK1F0NX. MJK2F0HX. MJK4FCNX or •'iJKbFQNK f Isj 

jean Un- 
treated as above. Amplify using 20 cycles of 94 S C I . a 
ssin 72 *C 2,5 sun. Post -treat at 60 *C for b sin. Purxry 
on 2% Imo/TAE gel and extract the DNA to XOpi H 2 o per 
assembiv PCH using a Genecieao kit (sec earner! xn 
accordance with toe manufacturers instructions. 
F - a. * 

Fox" eacn "Is seed iy ana control sea up; 

nl 

H 2 0 55.5 
10 x Tap buffer § 
SsnM dHTPs 2 
FOR prists r { 10 pmoX/yi ) 2,5 
BACK prxee::: i 10 pool/pi i - • 

Assembly product 1 

The FOR and BACK primers are given in the section below 
entitled ' Primer Seauences ' . The FOR primer is any of 
JK1NOT10 1R20CT10, or JKSNOT10 (for the four 

respective kaooa light chains ) for putting a Motl 

rh > Bp. v? :rimer is 
HBKAFA1Q for putting an ApaDi restriction site at the VK 

©hot ,.■■<. 

Cover wxth paraffin and place on toe cycXxng neat rug 
block preset at 94*C. Add 0,5 ui Cetus Tag DNA 
poivmerase ; 'Cetus/ -parkin-Elmer, Beacoxisf laid, Bucks, UK) 



under the paraffin. Amplification, is 
1 1 to 15 rounds of cycling i depones 
94*C 1 man, S5*C 1 mxn, 72* C 2 min, 
for 5 mitt, 

10 x Tas buffer is [0.1K rris-RC 
0.5K KC1, 15aM RgCi 2 , leg/ml gelatin], 
go Work ><- up 

Purify*" once with CHCI3/XAA { isc 
with phenol, once 0H01 3 I AA 

^ - .rsses< 
wash twxc '-^ i; ?i 

ec.-, N * 

DNA {joined sag) 
NEB Not! buffer x 
NEB BSA x 10 

The DNA gleaned sequence 3 above refer 
DNA seauenea comprising in the = * to 2 

ApaLl restriction aits 

vh sequence 



carried out using 
on efficiency) at 
-•oat- treat an 60 a C 



loonol ) , once 
back-extract 
ecipitate and 



direction 
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Linker sequence 

VLK sequence 

Hot I restriction si re . 

The VLK sequence may be any one of four possible 
5 kappa chain sequences. 

The enzymes Not 1 above. ApaLI below and the buffers 
NEB Nor I, NHS >ve and the MSB buffer 4 i below s are 

obtainable tram CP Laboratories. New Lnc~anc Sutlaos 
mentioned above 

10 Re-precipitate, take up in SOnl K<>0. Add to this 

XOui HEB buffer 4 and I0ul hpal 1. 

Add the enzyme ApaLI in aliquots tnrouanoos the dev. 
as it has a short half-life at 3?*C. 

Purify on 2% Lmp/TAE gel and extract the SNA using a 
15 Ganeciean kit, in accordance with the manufacturers 
instructions* Redigest if desired. 

The. final DNA product is an approximate 700 hp 
fraaraervr with Ana Li and Not! compatible ends consist! ne 
20 ©t randomly associated heavy and !.j.qht chain seausncas 
inks- ~ iet a. typ« is 

the scPyDl.3 molecule incorporated into fdscFvDl.3 
described in example 3. These jsoiecules can then be 
ligated into suitable fd derived vectors, e.q. fdCAT2 
25 example 

Primary FCH oiigos (restrictions sites underlined); 





VK1F0H-2 


TGA GSA GAC GGT GAC 


COT 


GGT CCC 


TTG 


GCC 


CC 






VHXBACK 


AGG TSM ARC TGC AGS 


AGT 


cm g 










30 


MCTKIFONK 


CGG TTT GAT TTC GAG 




GGT GCC 












MJK2F0NX 


CCG TTT TAT TTC GAG 




GGT CCC 












MJR4FONX 


CGG TTT TAT TTC GAA 
















MJK5F0NX 


CCG TTT CAG CTC GAG 
















VK2BACK 


GAC ATT GAG CTC ACC 


CAG 


TCT CCA 










35 


Ambiouiti 


*■ codes M « a or C, R 


« A 


or G, S 


- G 


or C, 






w * a or 


















PCH oligos to make linker; 
















LINK FOR 


i s '1 : aAT GTC 












LINKS ACK 


CGG 










40 




















For adding restriction sites; 
















BBKAFAIO 


GAT GAC CAC AGT CCA 


CAG 


GTS MAE 


CTC 


CAG 


SAG 


TCW 






















3&XNQTIQ 


GAG TCA TTC TGC GGC 


GGT 


CCG TTT 


GAT 


TTC 


CAG 


CTT 


43 




GGT GCC 
















JR2NOTI0 


GAG TCA TTC TGC GGC 


CGG 


CCG TTT 


TAT 


TTC 


CAG 








GAG TCA TTC TGC GGC 


CGG 




TAT 


TTC 


CAA 


CTT 




JK5MDT1D 


GAG TCA TTT TGC GGC 


CGG 


CCG TTT 






CAG 








GGT CCG 















Dsastple IS 
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Insertion qfjtheJSxtraeellular Domain Q.t;.,a,,,Hj^sn,jgce£tor 
'for ? latilet Per x vid Groyth Factor ..{ P DGF ) so f o.rg?__ SS__J,?^ 
VTJ . 

A" gene fraasient encoding the ext race! luiar ocmaxn 01 
5 the hilars receotor for platelet derived growth factor 
xscdcrn SB ( h-PDGFB-F } was isolated by rortt ' . 
using the polymerase chain reaction, of plasmid EP41, 
(from the. African Type iitnr« :olleetio Cat, 
Ho. 50735), a cDHA clone encoding : ^inp~acids 43 to 92S of 

10 the PDGF-B reeeotor (Gronwaid, r.g.k, at al PNAS 85 
p343S~3439 1988 n. Amxno acids I to 3? of h- PDGFB-R 
constitute the-, sxenoi peptide. The oligonucleotide 
primers' were designed to amplify the region of the h» 
P8GF8~R ' oene correspocdino to amino acids 43 to 531 of 

15 the encoded protein. The primer HFDGF3 for the N~ 
terminal region also included bases encoding amino acres 

the n-PDGFB-R pretext- { corrs 
first ten amino acids from the N~ terminus of the mature 
orcrcexn 5 to enable sKprassion of the complete 

20 extracellular domain. The primers also incorporate a 
unioue AoaM site at the N- terminal end of the fragment 
end a unique Xhol site at the C terminal end to 
facilitate cloning into the vector £dCAT2> The sequence 
of the primers is: 

25 

HFDGF3 5* CAC AG? GCA CTG GTC GTC ACA CCC 3CG G 

en? otrc ere aat otc tcc agc acc rsc on? ctg 3* 

EFDGF2 5' GAT CTC GAG CTT AAA GGG GAA GGA GTG TGG GAG 3" 
PGR amplification was per formeo 

30 ond $d Runkal 

Research 18 3739*3744}. The PCE mixture 
TrlsHGl CPK7.3 at 70* C, 50mH KC1, 4aM magnesium chloride, 
0,01% caiatin, X»M each of dATP, dCTP, dGTP and dTTP, 
SOOng/mi HF41 mk, IpH each primer and 50 units/ml Tec 

35 polymerase i Cetws/Ferkin Elmer , Beaconsf laid , Buck* , 
y.K. ). Thirty cycles of PGR were performed with 
denaturation at 32 "C for 1 min. annealing at 60 4 C for 
Imin and extension at 72°C for 1.5 min. This reaction 
resulted in amplification of a fragment of ca. ISOOhp as 

40 eKoected , , 

fdGAT2 vector DHA (see example 5) was digested with 
Apaltl and Xhol ( Hew England Biolabs } according to 
manufacturers recommendations , extracted wire 
pnenoi chloroform and athanol, precipitated i Sambrook et 

40 al. scores. Cloning of amplified EP4I dha into this 
vector" and identification of the desired clones was 
performed essentially as in example 7 except that 
digestion, of the PGR product wan with ApaLi and XhO 1, 
Colonies containing h~FDGFB-R OKA were identified by 

50 probxna wxt:. 33r .are lie.: FFF .h 3 roe presence of an 

insert in hybridising colonies was confirmed by 
analytical PCR using FPDGF3 and RPDGF2 using the 



WO 92/8104? 



K3YGB91/81.34 



69 

conditions described in example 7. 
Sxampls 1 6 

Bindin g of _ 125 I-FDGF-BB to th e Exrr aoel Xul as Domain of 

■i Huraar. : ■ •'■ ; - •■ ^ ■ ; ' • '""o :: ; 

isof ors5 SS ''plsplav eci on... "Hie'^'suriici^ o f fd ''PhiqeT 

■ : : ' • ■ ■ ■'■ : "-9 &n Immune:. v .. . -.vc'v" 

''Phage v - * i the extracellular domain 

Of the human platelet derived growth factor isofoxm SB 
10 receptor (fa h-PDGFB-R), were prepared by crowing E.coii 
MC1061 cells transformed with fd h-PnGF8»P in SOra.3 of 
2xTy medium with ISug/ml tetracycline for 16 to 20 hours. 
Phage particles were concentrated using polyethylene 
glycol as described in example C> and resus 

IS binding buffer (25mH HEFSS , pK7,4, o.iSaM NaCl , im 
magnesium chloride, 0.25% bsa } to i/33rd of the orioinai 
volume. Residual bacteria end undissolved material "were 
removed by spinning for 2 min in a mocrocentrifuge, 
XtotttiOblots using an antiserum raised against gene III 

20 protein (Prof, X. Hashed, Konstans, Germany; show the 
presence In such phage preparations of a cenai I i-h~PD6PB~ 
H protein of molecular mess 12S000 correscondina to a 
fusion between h~FDGFS~P external domain (5S000 del tons ) 
and gene! XX (apparent molecular mass 70000 on SD8~ 

25 poXyacryiami.de gal). 

Duplicate samples of 3Sul concentrated phage were 
incubate , - 8 7fmoi, 70nCi, 

Amersham International pic, torsbam, Bucks) for X hour 
at 3?*C. Controls were included in which fdTPs/es vector 

30 phage (figure 4) or no pnaae replaced fd h~BD 

After this incubation, XOul of sheep snti~MI3 polyclonal 
antiserum (a gift from K. Bobart 5 was added and 
incubation continued for 30 min at 20*C» To each sample. 
40ul ( 20ul packed volume ; of protein G Seoharose Fast 

35 Flow ( Pharmacia,, Milton Keynes} equilibrated in PDGF 
bindxng buffer was added, Incubation was continued for 
30 min at 20 *C with mixing by end over end inversion on a 
rotating mixer < The affinity matrix was spun down in a 
microcentrifuge for 2 min and the supernatant removed by 

40 aspiration* Non~speci£icaXly bound I2d I~FBGP~BS was 
removed by resuspension of the Delist in 0.5ml PDGF 
binding buffer, mixing by rotation for 5 min, 
centri ti nc re - the per at ant 

followed by two further washes with 0,5ml 0,1% BSA, 0.2% 

45 Triton-x-100. The pellet finally obtained was 
resuspended in XOOul PDGF binding buffer and counted in a 
Packard gamma counter . For" displacement studies, 
uniabeiled PSGF-B3 ( Amershsm international } was; ..added to 
ted c h reion c r ^ 

50 SB with phage, 

i2gi~H)&F-BB bound to the fd h~FDGF8~R ohsge and was 
immunopreci pits tee in this assay. Specific binding to 
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receptor phage was 3>5 to 4 tises nigner tea trie non- 
specs ir:t:;.cog «\tr< vector pnage v jfdTPs/Bs c: 10 onage 
(fig. 19 5, This:, rmrr.c sf - - :; I ~ FDGF-BB could be 
displaced :> th£ no sio f unlai ~ 1 

5 incubarion wxtrx phage at 3?*C (fig, . 2p > - At ihmM.. 
unlabel! ed FOG F™ SB the binding of ~^I~PDSF~BB was 
reduced to the sans level as the fdTFs/Bs end no phage 
control, Figure 21 shows the same data, bur with the 
non-specific binding to vector deducted. 
10 These ^ results indicate that s specific saturable 

sit " PBGF-BB pxt- s P iO . o r-m-n 

cloned h-PHGFB— R DNA. Thus, the phage can display the 
functional extracellular domain of a cell surface 
reeeotox 1 , 

15 Examoie_J.?, Construction of Phages; s d_ SSR^SlB^B-^B^L^l 
fused"%lt]rt.hi'''c for a B.U}dJ^_Holec^le 

It rfoul be "setui t xn stact os 

efficiency of the phage- binding molecule system and also 

n -«nt nnmbei s 

20 end specificities of binding molecules on the surface ox 
the seme bacteriophage. The applicants have devised a 
method that achieves both aims* 

The approach is derived rc 
based on pUCilS (vieira, 3 and Messing, 3- IS 

25 Enzyraol ♦ 153:3], In brief, gene ill fros^ td-CATi 
(example 5) and gene XII scFv fusion frost to- 
Oi.3 * (example Z) mtm cloned d< of the lac 

promoter in separate samples of pUCli9, in order that the 
inserted gene III and gene III fusion could be 'rescued' 

30 bv M13M07 helper phage [Vieira, J end Messing, 0. et 
supra,] prepared according to Samhrootr et al 1989 
supru ""he wjrr 1 

to* contain a genome derived from the pBC.113 piasmid that 
contains the binding molecule-gene 111 fusion a or: should 
35 express varving numbers of the binding molecule on the 
surface uo to the normal maximum of 3-5 moi enures or gene 
111 of the surface of wild type phage. The system has 
been exemplified below using an antibody as the binding 
molecule <• 

40 An fbCAT2 containing the single chain j-v form or the 

Di.3 antaiysosyme antibody was formed by digesting 
fdTooFvDl . 3 example 2) with Psti and Xhoi, purifying the 

> t - * m i^ 

mto Ps si and Xhol digest® 
45 clone, ceiled fdCAT2 scPvDl,3 was selected after plating 
onto 2xTY Tetracycline (long/sic and confirmed by 

— _ "f^jy in 

scFv fusion ::rom -M-CkTZ scFvD1.3 was PGR -amplified using 
50 the ©rimers A and 0 shown below; 

Former As TGC. GAA GCT TTG GAG CCT TTT TTT TTG GAG ATT TTC 
AAC G 
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primer 22; CAG TGA at? cct ATT aag act cct tat tag gca gta 

TGT TAG C 

Proper A anneals to the S 5 end of gene III including 

binding site is located and incorporates a 

5 Hind ill site. Primer B anneals to the 3' end of asns 
12 J at the C~ terminus and incerp 1 res two uaa stoo 
codo»s and an EeoRl site. 100 ng of fd-CAT2 and £d-CAT2 
scFv B1.3 DMA was used as templates for ?c 
in a total reaction volume of 50pi as described in 
10 example 7, except that 20 cycles of amplification were 
performed; 94*C 1 minute , S0*C .1 minute, 72'C 3 minutes , 
This resulted in amplification of the expected 1, 2Kb 
fragment frost fj< "X 7 ". am a 1. 8Kb frs; 2 
scFv Dl,3, 

15 The PCE fragments ware, digested with EcoRl and Hind 

III, gel-purified and ligatad into EcaHRl~ and Hind Ill- 
cut and dephosphorylated nUC119 DMA and tr into 
E.coli TGI using standard tacnniques ( Samnrook et al., et 
supra ; . Transformed cells were plated on SOB agar 
20 (Samnrook et ai > 1989 supra ) containing lOOuo/mi 
ample! llin and 2% glucose. The resulting clones were 
called pCAT-3 (derived from f d~CAT2 ■) and pCA?-3 scFv D< .~ 
(derived from fd-CAT2 scFv 01,3), 



picked into 1.5ml 2TY containing lOuug/mi 
2% glucose, and grown 6 hrs at 30 *C, 



D1.3 

ample: 

of 




statlonary cells ware added to 8mls 
as ici iin and 2% glucose in 5C 
tubas (Falcon, Bacton Dickinson Lafeware, 1950 Williams 
Drive, Gxnard, CA, USA) and grown for 1,5 hrs at 30 *C at 
3®0rpm, in a New Brunswick Orbital Shaker (Nsw Brunswick 
Scientific Ltd., Edison House 183 Dinons Hill road. North 
3S Kimms, Hatfield, UK). Ceils were pelleted py 
csntrifugation at 5,0QQg for 25 minutes and the tubas 
drained on tissue paper. The cell pellets were then 
suspended in omls 2TY containing 1 , 25x1 0 9 p.f.u. ml" 1 
M13K07 bacteriophage added < The mixture was left on, ice 
40 for 5 minutes followed e-y orowth at 35"C for 45 minutes 
ac 4S0rpm. A coc^taxl was than addec cent 
lOOug/ml ampicillin, O.sul 0.1M XPTG and 5Qui IQmg/ml 
kanamyotn, and the cultures crown ©vernicht at 35 *c, 
4S0rpm, 

45 The following day the cultures were eeatrifuged and 

phage particles PEG precipitated as described in examoie. 
5. Phage pellets ware resuspe dad i 00 trr 
see example 6} and pnaga tiered on E.coli TGI. Ailouots 
of infected cells were plated on STY ronraxnino either 
SO lOOpg/ml ampiciilin to select for pUC119 chaos partrcies, 
~~ SOeg/ml ksnamycin to select for the ml KC aexoe- 
Plates ware incubated overnight at 37 K 0 and 
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antibiotic™ resistant colonies counted; 

nsia %sMp™ ken 

1.8x10*} colonies 1,2x1.0* colonies 
oCAT~3serv D1.3 2.4xlO iX colonies 2,0x10* colonies 

•This shows that the as?p K phagamid particles are 
reactive and pre ant in the x > at 

a 100- fold excess over kan H MX3K07 helper phage. 

Phaoe were assayed tor ant i-lysosyme activity by 
ELXSA as described in example 6, with the following 

1} EL1SA plates »ere blocked for 3 hrs wxth 2% 
Marvel /PBS , 

2) 50pl ohage, 400ul IsPBS and 50pl 20% Marvel were 
mixed end over end for 20 minutes at room temperature 
before addlno XSQul per well. 

3} Phage were left to bind for 2 hours at room 
temperature. 

4> All washes post pha; e. bine ng were? 
2 quick rinses P8S/0 .5% Tween 30 
3x2 minute washes PBS/0.5% Tween 20 
2 quick rin as PBS no detergent 
3x2 minute washes PBS no detergent 

The result: of this ELXSA is shown in figure 22, 
which shows that the antibody specificity can indeed; be 
2 *tly* 

It is considered a truism of bacterial gene 
when mutant and wild-type proteins are co~eKpr«s#a& in 
the same ceil, the wild-type proteins are co-expressed in 
same cell, the wild-type protein is used preferentially. 
This is analogous to t&e above situation wherein mutant 
(i.e. antibody fusion) and wild-type gene Hi proteins 
(from M13K07) are competing for assembly as part ©* the 
PUC119 phagemid particle. It is therefore envisages that 
the majority of the resulting pUC 119 phage particles 
will ha^e fewer gene I :n: -antibody fusion raoleoulea on 
their surface than is the case for purely phage system 
described for instance tn exoirr 

antibodies are therefore likely to hind antigen with a 
lower avidity than fa phage antibodies with three or more 
copies t "* - ' s s < - ;,j~\cn ^ ihojr -arfaaes these 
no wild-type gene ill, in the system described, for 
instance,, in example 2), and provide a route to 

coduc phage part v N < differed numbers of 

the same bindlna molecule (and hence different acidities 
for tb lioan n or multiple different binding 

pa< fic ~ as their surface - si he pat: hage 

such as M13K07 to rescue cells expressing two or more 
gene Ill-antibody fusions. 

It is also possible to derive helper phage that do 
not encode a functional gene XIX in their genomes (by for 
example deleting the gene Hi sequence or a portion of it 
or p v 5 an amber isutat o «iti * the gene). 
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These defective phages will only grow on appropriate 
cells {for example that provide functional gene 111 in 
trans, or contain an amber supressor geas), but when used 
to rescue phage antibodies, will only incorporate the 
5 gene III antibody fusion encoded by the phagamid into the 
released phage particle. 

Examp le 19, Transformation Eff iciency of pCAT-3 and 

y^^J^- : * ~ " ~~ '''' ,, ^~*~~~*~™ 

pUC IS, * pfiA¥lT"end™pCM'~3 scFv DX.3 plasmid DNA.S, 

ID and fdCAT~2 phage BNA was prepared., and used to transform 
S.eoll TGI , pCAT~3 and pCAT-3 scFv 131,3 transformation® 
were plated on SOB agar containing XOOpg/ml amplcillin 
and 2% glucose, and incubated overnight at 30 "C. " fdCAT-2 
transformations were plated on T¥ agar containing I Sag/ml 

.15 tetracycline and incubated ovsrnicfht at 37 S C. 
Transformation efficiencies are expressed as colonies per 
gg of input DMA, 

b» Transformation efficiency 

20 pUC 19 1.10* 

pCAT~3 l.iof 

pCAT«3scFv D1.3 1.10* 

m CAT -2 8,10 s 

As expected,, transformation of the phacemid vector 
23 is approximately 100- fold more efficient that the 

parental fdCAt-2 vector. Furthermore, the presence of a 

scFv antibody fragment does not compromise efficiency. 

This improvement in transformation efficiency is 

practically useful in the generation of phage antibodies 
30 libraries that have large repertoires of different 

binding specificities. 
; m >; l e 20 

pgp^ Asjeffib y o a Single Chain Fv Library from an 
• ■ ' -• 

35 To s - e ut ility of phage for the selection of 

antibodies from repertoires, the first requirement is to 
ha able to prepare a diverse., representative library of 
the antibody repertoire of an animal and display this 
repertoire on the surface of" bacteriophage fd. 

40 Cytoplasmic ENA was isolated according to example 14 

from the pooled spleens of five male Balb/c mice boosted 
8 weeks after primary immunisation with 2~phenyl»5~ 
ossasolona (ph OX) coupled to chicken serum albumin, cDNA 
preparation and PGR assembly of the mouse VH and VL k.app& 

45 3 i * phag« 6 sp y was as described in exas 

14, The molecules thus obtained were floated into 
f dCATl , 

Vector MCAI2 was extensively digested with Notl and 
spall . , purified by elect roe lotion (Sambrock ot al.a989 
SO supra) and 1 ug Xi gated to 0,5 ug (5 pg for the 
hlerarchiai libraries? se s 22 of the assembled 

scFv genes in 1 mi with 8000 units T4 DKA ligase (New 
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Rnaland Siolabs } * The ligation was carried out overnight 
, u - 3 ited in sis 

aliquot* into KC1061 cells <W, J- Dower, J, F. filler y 
C. Haosbaie Nucleic Acids Res. IS 612/'~ol4n i*bb) ana 

piatad on NZY itiadids* (Saiabrook et al. 1989 supra) with 
ISpg/ml tetracycline, in 243x243 tm dishes (Nunc): 90-95-1; 
of clones contained soFv gessas by J c iing 

ies were so. ions *s 

in sxaMle 7 -using primers VH1BACK and MJK1FOHX, 
MJK2F0K? 

bv digestion with the frequent cut1 >g ? SstNX (hew 
England Biolabs. used according to the manufacturers 
i ry of 2xlO D clones appeared 
diverse as Indued by the variety of digestion patterns 
seen n < 23, anc secuenc 

of most VH" groups ' (R. Dlldrop, Xmt s S&~B», 
1984) and VK subgroups (Kabat. K«A« at al, 1*8/ supra) 
(data not shown), hone of the SSS clones tested bourse to 
phOx as detected by BLXSA as in example y, 

c so leer ant 0 by the 

use of phase antibodies (as in example 21) is essential 
to readily isolate antibodies with antigen bxndxng 
activity from randomly combined VI? and VL domains. Very 
extensive screening would be required tc Lsola i * a 

bindino fragments if the random combinatorial approach of 
Huse et al. 1989 (supra) were used. 

I ~a 21 ^ ■ 

Illlc^IonJof Antibodies SoeenUjisp^fox^ 
?roi'"a Repertoire Derived from an Immunised Mouse 

Th f in example 20 was used to 

demonstrate that ability of the phage system so select 
antibodies on the basis of their antibody speeifrcrty. 

hone of the 568 clones tested from the unselected 
library bound to phOx as detected by RLlSh. 

;cre< x ndie the phag 

carried out bv ELIS.A: 96«well plates were coated with 10 
pg/ral phGx~BSA or 10 pg/ml BSA 

saline (PBS) overnight at room temperature. Colonies or 
phage- transduced bacteria were inoculated into 200 ui 2 K 
TY with 12,5 ug/mi tetracycline in 9S~wall plates C 'cell 
wells'. . Nuclonj and grown with shaking (300 rpm) for 24 
hoars at 37 "C. At this stage cultures were saturated ano 
-ble <IG A ° - -'* - 



ti re wh reproduc ble {10 TU/ml}- 50 pi 
supernatant, mixed with 50 pi P ootai og 
milk powder, was then added to the coated plates. 
Further details as in example 9. 

The library of phages was passed down a phOx 
affinitv column" (Table 4A) and a:. 'tea with 
Colonies from the library prepared in example 22 were 
scraped into 50ml 2 x TY medium*' and shaken at 37*C for 
30 m±n. Libs shape were pr* - twice ^with 

nolveth'ylene. glycol end resuspended to 10* * TO 
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( transducing units ) /ml in water { titred as in example 8 } . 
For affinity selection, a 1 ml column of phOx-BSA- 
Sepnarose ( 0. Makela, v > >:^;rt:,nen, J.L.T. Pelcax n and K. 
Rarjslainen J, Bxp. Had, 148 1644-1660, 1978} was washed 
5 with 300 ml phosphate-buffered saline (PBS), and 20 ssl 
PBS containing 2% skimmed milk powder (MPB5). iO x * TU 
phage were loaded in 10 ml MP8S, washed with 10 mi MFBS 
and finally 200 mi PBS. The bound phage were elated with 
5 ml 1 tm 4«S~amino*caproic acid methj < n jet - 

10 ©x&as©l~5-©»© (phOx-CAP? 0, hakaia et aJU 1978 f supra). 
About 1Q 6 TU eluted phage were amplified by infecting 1 
sal log phase S.ooli TGI and plating as; above. For a 
further round of selection,, colonies were scraped into 10 
ml 2 x TY medium and then processed a® above. Of the 
15 ©luted clones, 13% were found to hind to phGx after the 
first round selection, and ranged from poor to strong 
binding in EL IS A. 

To sequence clones, template SNA was prepared from 
the supernatants of 10 ml cultures grown for 24 hours, 
20 and sequenced using the didaoxy method and a Seouenase 
kit { USB } , with primer LINK FOR { see example 14) for the 
VH genes and primer fdSEQl (5 f ~GAA TTT TCT GTA TGA 00) 
for the Vk genes. Twenty- three of these hapten- binding 
clones were sequenced and eight different VH genes {A to 
25 H) were found in a variety of pairings with seven 
different Vk genes (a to g) (Fig. 24). Most of the 
domains, such as VH~B and Vk~d were * promiscuous able 
to bind hapten with any of several partners, 

The seguenees of the V~genes were related to those 
30 seen in the secondary response to phOx, but with 
differences (Fig. 24). Thus phGx hybridomas from the 
secondary response employ somatically mutated derivatives 
of three types of Vk genes - vko*X . ' Vkox-like < and 
VMS.! genes <C. Berek, G. M. Griffiths £ G. Milstein 
35 Mature 316 412-418 (1985). These can pair with VK oenos 
from several groups, from Vkoxi more commonly pairs with 
the VHoxX gene f VH group 2. R.Mldrop uupra), Vkoxl 
genes are always, end Vkox-like genes often, found in 
association with heavy chains { including VHokX) and 
40 contain a short five residue CDR3, with the seauenee 
motif Asp«X~Gly~X~X in which the central glycine is 
needed to create a cavity for phOx. In the random 
combinatorial library however, nearly all of the VH genes 
belonged to group I, and most of the Vk eenes were ox- 
45 eel t> m mins with a five residue 

fPB. motif As? * 

were found only once (Vk~f and VB-E), and not in 
combination with each other. Indeed Vk-f lacks the Trp9X 
involved in phOx Mndincr and was paired with a VK (VB-C) 
50 with a six residue CDE3 T 

A matrlK combination of VH and VK genes was 
identified in phOx -binding clones selected from this 
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AW „„..^ doSOsinatic^ai library. The number of clones found 
with »? are s own in < IS. The binding 

c iq 7 the BLXSi> -red to 

vary (marked by shading in Fig, 25), No binding was seen 
to BSA alone, 

A second round of selection of the original, ranao® 
combinational library from immune mice resulted in 93%' or 
eluted clones binding phQx i Table 4), Host of these 
c d n«es were Vk~u combinations., and. bound strongly to phQx 
in EL ISA (data not shown). Few weak hinders were seen. 
Thin sngaasted that affinity chromatography bad not only 
enriched "for binders, set also for the best. 

Flore 

VH«8/Vk-d for o hO K" £3 ABA as 10"« H (example 23), 
indicating that antibodies with affinities 3 
of the secondary response can he selected trot 
response, only two (out of eleven c 

antibodies of" a hither affinity than VH-B/Vk~d {C, Barex 
er a*. t98f of VH-B, Vte-b for phd ^ o\ 

was determined as 10" 5 H ( example 23), Thus phage 
bearing seFv fragments with weak affxnita.es can oe 
selected with antigen, probably due to the avidity of the 
•nuitinle antibody heads on the phage. 

This esamole shows t fee 
isolated from libraries derived Iror im*m e ^rce. It 
will often be desired to express these antibodies in a 
-oluhie form for further study and for use in 
and diagnostic applications. Example 23 demonstrates 
determination of the affinity of so < * 

selected using pnage antibodies, I 

that soluble fragments have similar pro, to those 

so laved o f < will sx iesxred 

to construct and express an antibody molecule which 
contains the Fc portions r: the heavy chain ana pe* 
vary the 1 XsBishnoglobuiin isotype. To accomplish this, it 
is "necessary to subclone the antigen binding sites 
identified using the phage selection system into a vector 
for expression in mammaiian cells, using metho< 
similar to that described by Oriandi, R. et ai. (1989, 
suoraK For instance, the VH and VL genes could be 
amplified separately by PCR with primers oontasnxng 
aooroprists r< tic Ltes and inserted into vectors 

such as oSV-cpt HuigGl < L. Rteehaann et ai Nature 332 
323-32? i . 1988) which allows expression of the VH domain 
as part of a heavy chain IgGl isotype and pSV-nyg Much 
which allows expression of the Vh domain attached to tne 
K light chain constant region. Furthermore, fusions of 
VH and VL domains nan be made with gen< ling non- 

immunoglobulin proteins, for example, ensymes. 
Bsample 22 

Gyration of .Fiit'rto_Antibo^ tne 
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ri^ ad from the 

Library prepared and : ai using 

a hierarchical approach. 

The promiscuity of the VH-B and Vk-d domains 
5 prompted the applicants to fores further pairings, by 
assembling those genes with the entire repertoires if 
eithex Vk or VH gene- frot w. im 

resulting f hierarchical ' libraries, (VH-B x ?k-rep and 
VH-r©p je V'k-d}, each with 4»XQ 7 members, wer s -- mu 

10 to a round of selection and hspten-bindinq clones 
isolated (Table 4). As shown by ELISA, most were strong 
binders. By sequencing twenty-four clones from each 
library, the applicants identified fourteen new partners 
for VH-B and thirteen for Vk~d (Pig. 24). Apart from VK~ 

15 B and Vk-o, none of the previous partners (or indeed 
other clones) from the random combinatorial library was 
isolated again, Again the Vk genes were mainly ox-like 
and the VH genes mainly group 1 (as defined in piMroo. 
R. 1984 supra), but the only examples of Vkoxl (Vk-h. -o. 

20 -q and ~r) have Trp91, and the VH-CDH3 motif Asp-X-Glv-X- 
'* tow pre< £ >s. Thus some features of the phQst 
hybridomas seemed to emerge more strongly in the 
hierarehial library, The new partners differed from each 
other mainly by small alterations in the CDRs, indicatino 

25 that much of the subtle diversity had remained un~ > 

by the random combinatorial approach. More generally' it 
has been shown that a spectrum of related antibodies can 
be made by keeping one of the partners fixed and varying 
the other, and this could prove invaluable for fine 

30 tuning of antibody affinity and specificity. 

Therefore, again, phage antibodies allow a greater 
range of antibody molecules to be analysed for desired 
properties . 

This example, and example 21, demonstrate the 
35 isolation of individual antibody specificities throuch 
display on the surface of phage. However, for some 
purposes it may be more desirable to have a mixture of 
antibodies, equivalent to a polyclonal antiserum (for 
instance, for immmoprecipitation} . To prepare a mixture 
40 of antibodies, one could miss clones and express soluble 
ant~t ie o- nti? n i ants or alternatively select 
clones from a library to give a highly enriched pool of 
genes encoding antibodies or antibody fragments directed 
against a ligand of interest and exoress antibodies from 
45 these clones. 
Example 23 

noc es .t^../. 2 

; : } r< H:l :lr.l- ;; : - li:Vd : ' :; AlZZFbz.-' 5 --:xiIcIor;?:" ; ; s; no 

miatograt 

50 iplP r: aegeasted th*t 

nity chrt - ad st only enriched for 

binders,, but also for the best. To confirm this, the 
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binding affinities of a strong binding and a wsak binding 
phaaa were determined and then da <■ ted that they 
could be separated from each other using affinity 
omatography, u 
r: ; G: , Vk~a ' sa at 

IJK2F0NX 1JK.4F0HX and MCTKSFONX (see example 
141 and VHISACK-Sfil (5<~TCG CGG CCC^AGC^CGG. CCA TGG 

cc c c ^ A TVts 

S! ' a primer that introduces an Sf.il site (underlined) at 
the 5* end of the VK gene.. VH-B/Vk~d v? ■ sinned m 
Dhagemid e.g. pJKI (a gift from A. Griffiths and J. 
Marks) as an Sfil-Noti cassette, downs t ream of the pels 
leader for periplastic secretion (M. Better at a! - 
supra), with a c- terminal peptide tag for detection (see 
example 24 and figure), and under th control of a P L 
promoter ( H Shimal < k n s * m 

1981), The phagemid should have the following features? 
a) unique Sfil and NTotl restriction tt< 

peXB leader; 4>) a. sequence encoding a C- terminal peptide 
tag for detection; and o) a A P L promoter controlling 
expression. 10 litre cultures of O.coi 
Gottesman, S. Adhys a A. Das J.Mol.Bioi 140 57-75 1980) 
harbouring each phagemid were induced as in &. Nagax a B. 
C. Thoaerson (Methods Bnsymol 153 46i»4hi 1937} and 
euoernatants .precipitated with 50% ammonium sulphate. 
The resnsnendad precipitate was dlaXysad into PBS * 0.2 
mM BDT& (PBSS), loaded onto a X.Sml column of 
nhOx;Sepharose and the column washed sequentially with 
100 ml PBS ; 100 ml 0.1 H Tris-HCl, 0.5 M NaCX, pM S*0s 
lOmi 50 m citrate, pB 5*0: 10 ml SO vM citrate, pK4*0, 
and 20 mi SO sM glycine, pH 3,0. scFv fragments were 
©luted with SO IBM glycine, pH 2.0, neutralised with Tris 
base as • * Vk~b was clone 

into a ohacemid vec ! on pUdl* et entice 

signal and" tag sequences to pJWl, cx*d es; ess ion inctuceo 
at 30 :: C in a 10 litre culture of E.ooXi TGI harbouring 
the ohaqemid as in .0. de BeXXis & X, Schwartz (1980 
Nucleic "Acids Res 18 1311) > The low affinity of clone 
VH-B/Vk-b made Its purification on phOx-Seph arose 
impossible. Therefore, after concentration by 
ultrafiltration (Fiitron, FXowgen), the supsnmtant (100 
mi of 600 mi; was loaded onto a 1 mi column of protein A~ 
Senharoae occupied (E. Harlow & D» Lane 1988 supra) to 
the monoclonal antibody 9E1C (Evan, G, 1 - et aX. Moi-,Cet.l 
Siol-5 3610-3615 1985) that recognises the peptiee tag. 
The column was washed with 200 mi FBS and SO ox FES made 
0.5 v in NaCl. sofa fragments ware elated with 100 ox 
G.2M glycine, pH 3.0, with neutralisation and dialysis as 
before, „ 

The Kd (1.0 * 0,2 x 10~» H fo : a « s 

determined by fluorescence quench titration wxth 4~B~ 
amino- butyric acid methylene 2-phsny l-oxaaol- 5 -one {phOx- 
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GABA Co. Makala et ai, 1978 supra).. Excitation was at 
280 nm, amies 5 s tored at 340 nm and the K d 

calculated, The K d of the low affinity clone VH~B/Vk-b 
was determined as 1.8- 0,3 x 10- " M {.not shown). To 
S minimise light adsorption by the higher concentrations Of 
phOx-GAB squires n was at 260 nm and 

was monitored at 304 tm, In addition the fluorescence 
values ware divided by those from a parallel titration ai 
the lysozym binding Fv fragment BX»3, The value was 

10 calculated at in K. K. Si sen Math. Mad. Ees , 10 115-121 
1964. a mixture of clones VH»B/Vk~b and VH~B/Yk~d,, 
7xlO lK> TU phage in the ratio 20 VH-B/Vk-b t 1 VH~B/vk~d 
were loaded onto a phOx~BSA~Sepharose column in 10 ml 
MFBS and aiuted as above. Sluted phage were used to 

IS reinfect E.eoii TGI,, and ghage produced and harvested as 
before. Approximately X0 Al TU phage were loaded onto a 
second affinity column and the process repeated to give a 
total of three column passes. Dilutions of eluted~phsg€t 
at each stage ware plated in duplicate and probed 

20 separately with oiigon - ;dos specific for Vk~fo ( 5 f GAG 
CtSQ GTA ACC ACT OTA CT) or Vk-d { 5 ? -GAA TGG TAT AGT ACT 
ACC CT). After these two rounds, essentially all the 
eluted phage were VK-B/Vk~d (table 4). Therefore phage 
antibodies can he selected on the basis of the ant loan 

25 affinity of the antibody displayed. 
Bxample 24 

n " ' ^kaga«&d pHSNi for the Expression of 
* F r a g m e n t s* s¥pre si e d on the Snfface" of 

30 \ is a derivative of 

pUCX19 {Vieira, J. & Messing, J. Methods Enzyme! 153 pp 
3-11, 1987). The coding region of g3p from £dCAT2, 
including signal peptide and cloning sites, was amplified 
by PGR, using primers G3FUT0 and G3FUBA {given below ) 

35 (which contain EcoRX and Hindi:: site c 

cloned as a Hindi II -EcoRX fragment into pUClI9. The 
HindIX3t~NotX fragment encoding the q3o signal sequence 
was the replaced by a pelB s%»l peptide {Better, M. et 
ai. Science 240 1041-1043, 1988) with an internal Sfil 

40 site, allowing antibody genes to he cloned as £il~Hotx 
fragments. A peptide tag,, o-ssyc, {Monro,. S< & Palham, H, 
Cell 46 291-300,- 1986) was int tiy utter the 

Not! site hy cloning m Ligcn te, and 

followed by an amber codon introduced by site-directed 

45 mutagenesis using an in vitro mutagenesis kit (Amarsham 
International) {figure 26b). 

G3FBF0, S. *-C3M3 TGA ATT CTT ATT AAG ACT OCT TAT TAG OCA GTA 
TGT TAG C? 

SO G3FUBA..S ! ~TGC GAA GOT TTG GAG CCT TTT TTT TT0 GAG ATT TTC 
AAG G? 
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a clone (essantiall construct n . pucis} design for 
expression in bacteria of a soluble Fab rragrwmt (Better 
at at. 1986 see above) from the s us anti~ph©» \2~ 
phW'-5-Gxa*olone> antioody W10.12.5 Griffiths. G. M. 
at al Nature 312, 271 -275, 1984), Xn construct IX, the 
V- regions are derived from NQ1Q..12.S and attached to 
human Ck. and CK1 (|l isotype) constant lomains. The C~ 
terminal cysteine residues, which normally form a 

x between * xchl ana i idy oh 

have be- 3 from both the constant domains. To 

clone heavy and light chain genes together as Fan 
fragments ~ (construct ID *rare chains 

{ constructs III and XV) for phage display, t>m was 
amollfied from construct IX by PCR to introduce a Not! 
restriction site at the 3 5 end, and at the 3' and earner 
an Apall site (for cloning into £d-C&T2) or Sfil sis (tor 
cloning into pHBNl). The primers FABNOTFOK with 
VKIBACKAPA (or V h 1 8 A C K S F 1 1 5 ) were used for PGR 
amplifies v « "ab fragments {construct 

XX ), the primere FAB&QTFOH with VKIBACKAPA tor 
VH1BACKS.FX l S } for heavy chains (construct XXI), and the 
primers FABNOTFOK and MVKBAAFA (or MVKBASFX) for light 
chains (construct XV), • ■ 

The s bain Fv version of NQiO.12.5 

X) has the "heavy (VK) and light chain (Vk) vat s l« 
domains joined by a flexible linker (Gly 4 Ser)^ m C Huston, 
3, Sl et al, Proc. Natl, Acad. So: , US 
1988) and was constructed fro® construct 11 oy aprxexng 
)V , u ap eset* sion' sl in exa*ap3e 14 

genes were reampiified with primers VK3F3N0T ana 
VH1BACK* to append - fiction sites 

for cloning into £d~CA?2 { ApaLI-Notl) or pHENI CSfil- 
NotI ) - 

VHXBACKAPA,5'-CAT GAC CAC AGT OCA CA G GT{C/G) ( A/'C 3 Af A/G } 
- v;\ I } GG; 
- cai ,c\ Arc \ - o 

OGC C(C/G)A GOT (C/G : C } A GTC 
(&/T)GG? 

FASKOTFOH , 5 1 -CCA CGA TTC TGC GGC CGC TGA AGA TTT GGG CTC 

n GTC GAC; vs 

^ ^2 2GC 222 TGA CTC TCC GCG GTT 

0AA OCT CTT TOT GAC ; 

VVKBAAFA 5'~C* CTC JAC &TT GAG CTC ACC CAG TLX 
CCA* 

FI,5» lAl GAC CAC GCG .7 X ATG GCC GAC 
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ATT GAG CTC &CC CAG TCT CCA? 

PK3F2NOt,S' -TT' 3 : CCG TTT CAG CTC GAG CTT GGT 

ccc. 

Restriction sites ar« 
5 Rescue of Phage ana Phageisid particles 

Constructs I -IP ( flours 27) were introduced into both fd~ 
CAT 2 end pHENl. Phage £d-€A?2 (and id-CAT2-2 f IX , III or 
IV) was taken from the supernatant of infected E.coii TGI 
after shaking at 37 *C overnight in. 2kTY medium with 

ID 12»o'pg/ml tetracycline, and used directly in EX..XS&, 
Phagemid pHENl (and pMHNi~I and 12) in E.coli TGI (supE) 
were grown overnight in 2 sal 2ssTY »»3iw, 100 pg/sd. 
ampicillin, and 1% glucose (without: glucose, expression 
of g3p prevents later superinfection by helper phage). 

IS XOpl of the overnight culture was used to innoculate 2 sal 
of 2xTY medium, lOOpg/ml ampicillin, 1% glucose, and 
shaken at 37 5 C for 1 hour. The cells were washed and 
resuspendsd in 2xTY, 100 pg/ml ampicillin, and aphagesdd 
particles rescued by adding 2 ul (lO^pfu) VCSM13 helper 

20 phage ( Stratagene ) . - After growth for one hour, 4 pi 
kanamycln {25 mg/siX) ttm added, and the culture grown 
overnight. The phagassld particles ware concentrated 10- 
fold fc * ex 1 -1 j i tic t v \ ten yeo 

25 Detection of phage binding to 2~phenyl~S~oxa2;oione (phOx) 
wee performed as in example 9, 96-welI plates were 
coated with 10 pg/ml phOx-BSA or 10 pg/snl BSh in PBS 
overnight at room temperature ,<. and blocked with PSSS 
containing 2% skimmed milk powder. Phage (mid) 

30 supernatant (50 pi) miaed with SO pi PBS containing 4% 
skimmed -milk powder was added to the wells and assayed. 
To detect binding of soluble scFv or Fab fragments 
secreted from pBENl, the e-mve peptide tag described by 
Munro and Pelhasn 1986 supra, was detected using the anti- 

35 mve monoclonal 9E10 (Evan,- G. I. et al. Mol Cell Biol 5 
3S10-36I6, 1985) followed by detection with peroKidase- 
conjugated goat anti-mouse immonoglofeulin. Other details 
ire os in e^am? • ? 

The constructs in fdCbVl'2 and pBEKX display antibody 
nts of the surface of filamentous phage. The phage 
vector,, £d~CA£2 (figure 8) is baaed on the vector fd-tet 
{Zacher, A, N. et al. Gene 9 127-140, 1980) and has 
restriction sites (ApaLI and Not!) for cloning antibody 
genes (or other protein ) genes for expression as fusions 

43 to the N-terminus of the phage coat protein g3p. 
Transcription of the anti foody- g3p fusions in fd~CAT2 is 
driven from the gene 111 promoter and the fusion protein 
targetted to the periplasm by means of the g3p leader. 
Fab" abd scFv fragments of MOID. 1 2 « 5 cloned ir.ro £d-< 

50 fos d splay w rs bind to ph0x~BS£ b t not SSA } 

by ELISrt (table 5). Phage were considered to foe binding 
if &4Q5 of the sample was at least 10-fold greater that 
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the r a % - - . £SA. 

Ihe phaaeeid vs 1 
t>yC119 and contains restriction sites (SfiX and Not I ) fear 
elon - as. Mere e ? 5 o 

5 n s © fusions Is driven from the inducible lao5 
prosotsr' and the fusion protein targetted to the 
periplasm by mmms of the pels leader, Fhagemid was 
rescued with VCSM.I3 helper phage in 2xTY medium 
containing no luc se or XFTG; node 
3 q t h~~ ficien c ?3p> Fab and 

< nts of hqiq.12.5 cloned into pHSHi for display 
were shown to hind to phOx-BSA {bur not BSA) by ELISA 
r Table 5 V ! usino the same criterion as above, 

e methodology for prepa i 
15 of Fab fragments expressed on the surface of phage would 
be toi 

1, Prepare a library of phage expressing heavy chain 
(VHCH) genes from inserts in the phage genome. 

2, Preoare a library of light chain genes in a pXamxd 
20 expression vector in E.coii, preferably a phagemid, and 

isolate the soluble protein light china exgresed from 
this library * 

3, Bind the soluble protein light chains from he 
library to the heavy chain library Li age. 

25 4, Select phage with the desired properties of affinity 
and specificity. 

These will encode the heavy chain (VHCH) genes* 
5, isolate the light chain genes encoding ight chains 
which form suitable antigen binding sites in c< \ 
30 with the selected heavy chains, preferably by using 
superinfection < 

the light chain, with phage expressing the selected heavy 
c^Sin las: described in example 20) and then assaying for 
antigen binding, 
'•V"~> Lxasoie 25 

1 Encoalng a Gene 111,, .From? 
s * % wO Heavy or Light V 1 1 » ^a u. j 3 - ~ 

i i on Phayo \r - x 

~__ " - - «^." 1« ^ x< ' « ££^Mli§il££iBl 

40 Lihrarl.es 

With random c< i.s a 

limitation on the potential diversity of displayed Fab 
fraasents due to the transformation efficiency of 
bacterial cells. Described here is a strategy (dual 
45 combinatorial libraries) to overcome chis problem, 
pote ising the number of phage surveyed by a 

• actor of 10™ , 

For assembly of heavy and light chains expresses 
from different vectors phagemid (pHENX-XXX or XV) was 
50 grown in E.coii HB2151 (a non-supressor strain) lo allow 
production of soluble chains, and rescued as above 
(example 2?) except that helper phage were used 
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expressing partner chains as fusions to g3p (10^ TO fd~ 
CAT2-IV or III respectively) and 2 ul tai \ me (12.5 
mg/ml) in place of kanamyoin. 

Light 

5 Chains 

light chains of Fab fragments can he 
in the same vector (example 25} or in 
« t K ~s the k \v% c a n 
(construct III) was cloned into pHSNI (to provide soluble 
10 fragments} and the light chain (construct XV} into fd~ 
" ~~ (to make the fusion with g3p}. The phaoemid pBEHl- 
III, grown in E.coli HB2151 (non~s ; r ) "was rescued 

with fd~CAT2~XV phage, and phage (mid) shown to hind to 
phQx 5 BSA, but not to BSA (fable 5}< ?his dem 5 3 * 
15 that soluble light chain is correctly associating with 
the heavy chain anchored to the g3p, since neither heavy 
chain nor light chain .alone bind antigen ( fable 5). 

Similar results were obtained in the reverse 
experiment (with ph&g®mid pHEtf~l-xv and fd~CAT2~IiX 
20 phage) in which the heavy chain was produced as a soluble 
molecule and the light chain anchored to g3p ( table 5 } . 
Hence a Fab fragment is assembled on the surface of phage 
by fusion of either heavy or light chain to g3p, provided 
the other chain is secreted using the same , i 
2S vector ( figure 28 K 

The resulting phage population is a mixture of phage 
abd rescued phagemid. The ratio of the two types of 
particle was assessed by infecting log phase E.coli f©X 
and plating on TyB plates with either 15 ug/ral 



..... . .... 15 ue/ml 

30 tetracycline (to select for £d~CAT2 } or 100 ug/mi 
ampicillin (to select for 9 W). The titre of fd~CAT2 
phage was S x 10 11 TU/ml end the titre of pHENi 2 x I0 X0 
/ml, indicating a packaging ratio of 25 phage per 



Demonstrated here is an alternative stratecy 
involving display of the heterodiiaarie antibody Fab 
' on the sub- 



surface of phage. One of the chains 
fused to g3p and the other is secreted in soluble form 
into the periplastic space of the E.coli. where it- 
associates non-eevalantXy with the g3p fusion, and binds 
specifically to antigen. Either the" iioht or heavy chain 
can be fused to the g3n; they are displayed on the phaae 
as Fab fragments and hind antigen (Figure 28}, Described 
are both phage and phagemid vectors for surface display, 
Phagemids are probably superior to phage vectors for 
creation of large phage display libraries. Particularly 
In view of their higher transection efficiencies (Two to 
three orders of magnitude higher), allowing larger 
libraries to be constructed. The, phagemld vector. pHENl 
also allows the expression of soluble Fab fragments in 
non-suppressor E.coli. 

Also demonstrated here is that heavy and light 
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or on 



chains encoded on the saate vector (construct 

different vectors (constructs HI as« IV J can be 
aplave *b f2 tents. This offers two cisrs.nct 

^ combine a lihrari to 

5 display. Libraries of heavy and light chain genes, 
amplified by VCR, could be randomly linxeu by a PUi 
mv orocess {sample 14} based on 1 scucing »y 
ovarian extension' , cloned into phage(mid) display 
ve >1 

10 the same transcript (construct 11} as above, or indeed 
ifferent promoters as separate transcripts. Here 
tiv* i vector encodes aud„d 

For a combinatorial library of 10' heavy chains and 10 
Itaht chains, the potential diversity of displayed Fab 

15 fragments {10 i4 )'is limited by the transfection 
encv Df bacterial cells by the ve boat x0 

clones per ug cut and ligated p s ^ L \ est ' , -l^'T 

Dower et ai Nuel. Acids. Res- 16 6i27~6l4o, I«3b8>. 
Libraries thus prepared are analogous to the ranaom 

20 combinatorial librarv method described by Kuse, ot 
ai Science 246 l27S~XMl (1989), but have the important 

ait u « that display on the 

gives a powerful method of selecting antibooy 
specificities from the large number of clones g< 

25 - A1 s of neavy and ii 

could be e 3 ^ ant vectors for expression in 

the same cell, with a phage vector es the g3p 

fusion an -ng the sola in. The 

phage acts as a helper, and the inf« * 

30 pre phaue or 

pha i it en< 

and thus only the genetic information for half of the 
antigen-bindina site, However, the genes for both 
antibodv chains** caxi be recovered separately by plating on 
35 the selective medium... suggesting a means by which 
ttutuallv complementary paxre of antig* 

"sight chain combinations could be selectee from random 
combinatorial libraries. For example, a light chain 
repertoire on fd phage < 
40 harbouring a library of soluble heavy chains on the 
phagemid. ~ The affinity purified phagemid library oauxo 
then be used to infect E.coli, res : 

purified chase library, and the new combinatorial Horary 
subjected to a further round of selection. Thus, 
45 antibody hea^ ' £t ^> 

each round of aerification. Finally, after several 
rounds, infectect bacteria could be plated and screened 
individually for antigen-binding phage. Sucn ' dual ' 
rial libraries are potent 



SO 



'>> V - >»* WV-v-— • • 

those encoded on s single vector. By combining separate 
of displayed Fab fragments (potentially 1G 1 *) is limited 
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only by tfm number of bacteria (10** per litre). More 
simply, the use of two vectors should also facilitate rise 
construction of 'hierarchical* libraries, in which a 
fixed heavy or light chain is paired with a library or 
5 partners {example 2 < sring < 
antibody affinity and specificity. 
Ess 

™sLir^^_™lhxi„ J < Fa 

* « _ ' ' ~ 

10 '"^"TuftlTeF" study of antibodies which have bean 
expressed on the surface of phage would be greatly 
facilitated if it is simple to switch to expression in 
solution* 

S»coli H82I51 was infected with pH.EM phaoemid 

15 {pHENl-I or I nd \ 1 X si ample! Uin 

plates. Colonies were shaken at 3?*C in 2xTY medium, ,100 
ug/ml ampicillin, 1% glucose to GDr 5 q»»0.5 to 1,0, Ceils 
were pelleted, washed once in 2kTY mediunj, rasuspendec in 
medium with 100 pg/mi ampiciilin, I m isooropyl p~B- 

20 thiogalaetoside (IPTG), and grown for a further 16 hours. 
Cells were pelleted and the supernatant, containing the 
secreted chains, used directly in EhXSA* 

The phageaid pHENi has the advantage ever phage £o~ 
'Cht2, in that antibody can be produced either for phaoe 

25 display (by growth in supE strains of E.. colli or as~a 
tagged soluble fragment (by growth in non-suppressor 
strains), as a peptide tag (example 24} and amber eodon 
were int:; « % ; , Secretion 

of soluble Fab fragments from pHENl-II or scFv fracments 

30 from pHENl-I was demonstrated after growth in E.ooii 
HB21S1 and induction with XPTO using Western blots 
(Figure 29). For detection of secreted proteins, XQpi 
supernatant of induced cultures were subjected to SEE- 
PAGE and proteins transferred by electroblottinq to 
Xmmol Q.©n~F {Millipore}, Soluble heavy and light chain 
were detected with goat polyclonal antl -human Fab 
antiserum (Sigma) and peroxidase conjugated rabbit anti~ 
goat immunoglobulin (Sigma}, each" at a dilution of 
1 hi 000. The tagged vk domain was detected with 9E1G 

40 antibody (1:1000) and peroxidase conjugated goat anti- 
mouse immunoglobulin (Fc specific) (li 1000 5 (Sigma) or 
with a peroxidase labelled anti-human CK antiserum 
( Dako ) . 3 f 3 ! -diaminofeansidine { DAB ? S I gma } was used as 
peroxidase substrate f Harlow S, , et ai /' 1988 Supr ) < With 

45 the scFv, she fragments were detected using the 9EX0 
anti-Riyc tag antibody (data not shown). Mlth the Fab, 
only the light chain was detected by 9E10 (or anti-human 
CK) antibody, as expected, while the anti-hu^an Fab 
anti- si - heatg a kS light chains 8 > 

50 of the soluble scFV and Fab fraqmenrs to phOsc-BSA (but 
not to BSA) was also demonstrated fey SLXSA (Table 58). 
Thus scFv and Fab fragments can be displayed on phage or 



WO 92/91047 



PCr/GB9i/0t134 



86 

secreted as soluble fragments from the same phagamid 
vector .■ 
\ vl m xc IS 

IncreiiillSiensiti vi ty in ^HLISA ass^of^vsorv^sina 

5 - £ \ i < ; \ - " s * _a 

ScFvDO" *~ " 

~~ xH~ principle the is« >i phag< < ~ should 

allow more sensitive immunoassays to foe performed than 
with soluble antibodies. Phage antibodies combine the 

10 ability to bind a specific antigen with the potential tor 
amplification through the presence of multiple (ea.OwOQ} 

he major co ! ° v 

This would allow the attachment of several antxfoody 
psolen i st M13 to each vii i followed 

15 : t > - olecules 

cen3ugated anti-species sntihoo 

case, "below). *hus for every phage ar bonne to 

antigen there is the potential for attaching several 
peroxidase molecules whereas whan a soluble: antibody is 
20 uses as the primary antibody this amplification will not 
occur , 

EL ISA elates were coated overnight at room 
temperature using 20Qul of 10 fold dilutions of hen egg 
ivsozyme (1000, 100, 10, I, 0.1 and 0,01 ug/mi } xn sOmM 

25 MaHCOo, oH9.6. ELISA was performed as described in 
examofe 4 except that <i) incubation with anti-lysozywe 
antifoodv was with either FDTseFvPl . 3 {pM>,M0 x 
well; I.&mol) or soluble affinity pu scFtrDl.3 t -Sag 

per well? 0.?tm\< 

30 was with 1/100 dilution of shee 

FD!seFvB1.3 samples or with or i/100 dilution of raonxt 
a«ti~scFvD1.3 serum {from S* Ward) for soluble soFvDi.3 
samples (ill's pes -conjugated rabbi;, ant.1 

immunoglobulin (Sigma; 1/5000) was used for F0TbcFvD1.3 

35 samples and peroxidase -con;? ugatad goat anti-rabbit 
immunoglobulin (Sigma? 1/5000) was used tor soluole 
scFvB1.3 samples. Absorfoance at 405ntn wa ired at rex 

15h» The results are shown in Figures 30 and 31. in 
these figures lysosyme < * x tions for coating are 

40 shown on'" a log scale of dilutions relative to iag/ci . 
ioc * -3 -leg/mi ? log - 2 - 0.01 ug/ml ? 
Hiqher siqnais were obtained with FDTseFvDi.3 at all 
sncsntratio £ s n« Fi j set the < 

very marks * 5 i « ' t~-^ * o ■» mtiaen 

45 cuantities are most limiting (Figs. 30 and 31). This 
suggests that phage antibodies may be psrtxcuxany 
valuable for sandwich type assays where the capture of 
small amounts of antigen by the primary antibody will 
generate an amplified signal when phage antibodies 

50 directed against a different epitope are used as the 
second antigen binding antibody- 
E x ample.. 29 
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^J^S^MAPJl^SL.^^ .;:-CH;;oc.lcna ; L 

^ > ' c Frag;re-ts c- i j 

The" principle is very similar to that described in 
example 14, It consists of the PCR assembly of single 
chain antibodies from cDNA prepared from mouse 
monoclonala » As an example, the rescue and expression of 
two such antibodies from monoclonals expressing 
antibodies against the steroid hormone oestriol is 
described. 

Em 

to those skilled In the art. in this example, the use of 



Triton X-100 lysis, phenol/SDS RNase insotlvalion gave 
excellent results. 

1. The mouse monoclonal cells that were used here had 
been harvested by eantrifugation and resuspended in serum 
free medium. They were then centrifuged and resuspended 
in saline and after a final eentrif ucation step, 
resuspended in sterile water at l x 10- ceils oer ml, 
(Normally cells would he washed in PBS buffer and finally 
resuspended in PBS buffer, but these particular cells 
were supplied to us as described frozen in water,)! 

2. To 7S0pl of calls was added 250ni of ice cold 4X 
lysis buffer i40m Tris HC1 P H 7.4 - :i 2 /60GmM 
MaCl/40.mM VRC (Prenyl ribosyi complex) /2% Triton X-.100K 

eii and left on ice for 5 



3* Centrifugation was carried out at 4*C in a micro f nee 

30 at 13000 rpra for S mtn, 

The supernatant is then phenol extracted three times, 
phenol chloroform extracted three times and finally, 
ethane! precipitated as described in the materials and 
methods. The precipitate was resuspended in 50ul water, 

35 4. The optical density of the RNA at 260nm with a 2.§ul 
sample in 1ml water was measured. The RHA was checked by 
electrophoresis of a 2ug sample on a 1% saarose gel. mh 
range of 32ug to 42ug was obtained by this method. 

40 B " I ' S is i a h sscril in 

example 14, Two cBNA preparations were made. These were 
from mh extracted from the monoclonal s known as cell 
lines 013 and 014 which both express antibodies against 
eh steroid hormone, oestriol. 

essentially the sasss as that 
described in example 14, The VH region was amplified 
with the primers VH1SACK and VH1F0K-2. For the Vksppa 
region, four separate reactions were carried out usincr 
SO the primer UK 2 BACK and wither MJK1F0NX, MJE2FOMX . 
MJK4F0NX or MJK5F0NX. Samples (5ul) were checked on a 
1.5* agarose gel. From this it was observed that for 
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cDNA prepared from the two oastrioi. manoelonals the 
nriserf VR2BACK and MJK1F0NX gave the beat asipiif ication 
«.p the Vk&ppa region. The VH hands and she Vkappa banos 
aiH%) NX were p on 2-t low 

melting point agarose gels for each monoclonals . The DNA 
bands were excised from the gel and purified using a 
dedi cared Geneoiean kit as described in example 14. 
o . - . 

The 

described in example 14. In this esse, the amplified 
linker m 

from the eel with a dedicated "Mermaid" kit (BIO 101, 
Geneeiean,"' La Jolla. San Diego, California, USA } using 

s inst ru - . 
S> Assembly PCEs 

?hi ; t is&d is essentially the sane as that 
described in example 14. In this case, the assembled PGR 
product was purified on a 2% agarose gel and recovered 
from the gei with a dedicated "Mermaid" kit. 

The asseil o goad'' with Age LI and 

Hot 1 restriction sites. The ON& was then digested with 
Ana ht and Hot X to give the appropriate sticky enas tor 
cloning and then purified on a 2% low melting point 
agarose ml and extracted using a Genaclean kit. The 
method used is the same as that described in exaisple 14. 

•> t , <n fd-CAT2 DNTA was 

digested with 100 units of the restriction ensyma Hot i 
(New England Siolahs} in a total volusie of 2O0ui XX NEB 
I Ee 5. a IX NEB aeet : !> t i otal of 3 

hours at 37 »C. Wm-- vector QHA was the treated twice wrth 
15u1 Strataclean <a commercially available resin for the 
removal of protein}., following the manufacturers 
instructions { Strataaane, 11099 North Torrey Fines Road, 
La Jolla, California, tfSA). The OKA was then ethane! 
precipitated and redissoivsd in TE buffer (Samhrook et 
a X. , 1989 supra) - The .DNA was then, digested with 100 
units ~ of' the restriction enzyme Ape LI (New England 
Bioiabs; in a total volume of 200ul IX NEB Buffer 4 
overnight at 3?*C. The vector was then purified with a 
Chroma' Sola 1000 column following the manuf acturers 
instructions (Clontech Laboratories inc., 4030 Fabian way, 
Palo Alto, California, USA). This step removes the Apa 
LX/Not 1 fragment to give out vector DMA for maximum 
lency. . „ _ 

Ligation reactions were, carried out wxtn ^»»~i.ang of 
the DNA* insert and lOng of vector in a total volume of 
lOul of IK NEB iiesse buffer with lul of NEB Xigase (Haw 
Enalaod Biolshs) at 16«C overnight (approx 16 hours). 

E.coli stars in TGI was made competent and rransiormea 
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with the fdCAT2 recombinant DN& as described by Sambrook 
st si., 1 989 Supra- The cells were plated out on LBtet 
plates <10g tryptone, 5g yeast extract, XOg NaCl r X5g 
bacto-agar per litre with ISug/ul of tetracycline added 
5 just before pou * 1 ■> vsn overnight. 

Single well isolated colonies were then inoculated 
into 10 ml of LBtet broth (LB medium with ISug/al of 
tetracycline) in 50 ml tubes* After overnight growth at 
35*C/350rpm in a bench to* t > 

10 were transferred to IS mi centrifuge- tubes and 2mi 20% 
PEG 8000/2. SM NaCl added to each. After incubating at 
room temperature for 20-30 minutes , the recombinant phage 
was pelleted by eentrifugation at 9000rpm in a Sorval 
SM24 rotor for 30 minutes. The PEG supernatant was 

15 discarded x Any remaining PEG was removed with a pasteur 
pepette after a brief (2 minutes) centrifugation step. 
This last step was repeated to make sure that no PEG 
remained. The phage pellet was then resuspended in SOOul 
PBS buffer. This was transferred to - tzi£\ 

20 tube and spun at 13000 rpm to remove any remaining calls. 
The phage supernatant was transferred to a freeh tube. 
X. Assay for stn t >ov expression 

Bacteriophage fd recombinants were screened for the 
expression of antibody against oastriol by ELISA, This 

25 method is das } example 6, In this case the 

following alterations are relevant. 

I, Microti tre plates were coated overnight with 40«g/ml 
oestriol~6 carfeoxy»e*h.yioxi»e~BSA C Staxaloids,/ 31 
Hadcliffe Hoad, Croydon,. CEO 5QJ f England). 
30 2, 1st antibody was the putative phage anti oestrioi 
antibody, SQul of phage in a final volume of aOOul of 
sterile PBS combining 0.25% gelatin was added to each 
well, 

3. 2nd. antibody was sheep anti H13 at IjIOOO dilution. 
35 4, 3rd antibody was peroxidase conjugated rabbit anti 

goat immunoglobulin. 

Recombinants expressing functional antibody were 

detected by incubation with the chrossogenic substrate 

2'2 f axinobie (3-etbyl benrthiasoline sulphonic acid). 
40 The results are shown in f inures 32 and 33. 

Example 30 

> ' Qc Phosphatase Displ ayed on 
~_~ _ („.c fd ~~ ~~ 

Thii'"'eiimpii demonstrates that kinetic properties of 
45 an enzyme s^iiar to 

those in solution. Bacteriophage fd displaying alkaline 
.phosphatase fusions of gene 3 with either the native 
arginina (see example 31) or the mutant residue alanine 
at position 166 {see example 11) were prepared by PEG 
SO | us de rials md methods. 

The kinetic p 
expressed on the surface of fd phage were investigated in 
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IM Tris/HCl. »H8.0 at 20 "C with 1ml 4~ni trophenyi 
ohosphat *e r« as *ted by 

the addition of lOOyl of a phage xe phosphatase 

tvoi on, 50 fold concentrated with respect to 

«5 the original culture supernatant, The rata of change ot 
ahsorfcance was monitor ad at 410nm using a Philips B730 
eoectr >= tax and the initial reaction rate 

calculated usino a molar ahsorhance of 16200 l/moi/em, 
i j hoAla 166 enspe but not fdphoArg!66 a lag 

10 ohage was seen following this addition, the reaction rate 
accelerating until steady state was 
aopro.3iijaate.ly 60 to 90 sees. Thi t --ate rate was 

used for determination of kinetic p - s are. No 
deviation for* MACh*elxs Kenton kinet 

IS either phase ensyme* Values of % and k c ^ t were derived 
from plots'" of s/v aoainst id nown J 

Because of the difficulty in establishing the 
relations $ ween the number of £ 

iUPb-; e enzyt ?rs formed on the phage k cat 

20 values are expressed not as absolute values,, hut as 
relative values between the two enzyme forma. Western 
blots (carried out as in example 31 using antig3p 
antiserum) of the phage enzyme preparations used in this 
exoeri em 

25 full length fusion band with the Argl66 and AlalSS 
enzymes when detected using antibot 

geaeSi *' In these preparations the intact fusion 
represents approximately 30% of the detected material. 
The two t - t one were therefore assumed to be 

30 expressing approximately the sarae concentrations of 
intact fusions. 

Table 6 suauasrises the kinetic d 
experiment and compares it with data from Chaidarogiou, 
A , et al Biochemistry 27, 8338-3343 (1988)} obtained 

35 with soluble preparations of the wild type and - 

enxvme forms. The same substrate and ass • ton: 
ware used in both experiments. Soluble alkaline 
phosphatase was also tested in parallel in oar 
experiments, < K^B. 5pM? kcat«3480 taol substrate convex tea 

40 -sol enzym 

The effect of mutating arginine at position 16o to 
alanine is qualitatively similar for the phage ensyme as 
for the soluble enzyme. is increased about IS fold 

and tne * \" \ i ed to 36% of that for 

45 wild type* This increased would reflect a reduction 
u* b ity In trie p 

Aral. 66, as was proposed for the soluble enzyme 
i'Chaidaroglcju et al, 1988 supra}, assuming the same 
kme* < es. There are., however... some 

50 <3 itative e b*. >ur of K r of the 

The < s~ 3uM observed for , 3 

comoares with a K m of 12«7pH for the free enzyme; the % 
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for £dpho&lai66 is whereas the free mntant enzyme 

has a Kjg of ISOQpMi One can speculate that the higher K m 
for fdphoArg 166 and the lower for £sphoAlal66, 

compared! to the soluble enzymes result from the 
5 f anchored ' alkaline phosphatase fusion molecules 
interacting to form dimers in a different manner to the 
enzyme in free solution. 

The relative values of k cs1 ~ for the ArgX66 and 
AIaX86 forms era however very similar for both the phage 

10 enzymes and the soluble enzymes, a reduction occurring on 
mutation to 35 to 40% of the. value for the natty® ensile.* 
The rate limiting step, determining k cat ., for soluble 
phoArg!66 is thought to he dissocia- o - walently 

bound nhosphate from the enzyme (Hull .W.B. et al» 

15 Bloc - v 15. 1547-1561 1976). :na . al 

(1988) supra suggest that, for the soluble enzyme, 
mutation of ArgI66 to alanine altars additional steps, 
one of which may he hydrolysis of the phosphoanzyma 
intermediate. The similarity in the reduction In k cat on 

20 mutation of Argl86 to alanine for the phage en - > 
suggests that the same steps may he altered in a 
quantitatively similar manner in the mutant phage enzyme 
as in the mutant soluble enssyme. 

Thus, ansymss displayed on phage show qualitatively 

25 similar characteristics to soluble enzymes. 
Exampl e 31 

c tlt-iafiltratloo that Cloned A 1 i 
^ -> , , ^ >- _ 

'The Construct fdphoAial66 (derived in example 11} 

30 was converted hacK to the wild type residue < arginine ) at 
position 186 by in vitro mutagenesis { Mersham 
international ) using the printer 

hGCA'TTT 5 5 A 

This construct with the wild type insert was called 

35 iaphoArg.166. 

E.coll T01 or KS272 ceils (cells with a deletion in the 
endogenous phoA gene, Strauch and Seo&with, 1988 Supra) 
containing either fd~phoAlal66, fdphoArglS5 or fd-CAT2 
were grown for 16 hours at 37*C in 2;zTY with 15pg/mi 

40 tetracycline. Concentrated phage were prepared as 
follows. Fhage-enzyme cultures are clarified by 
oentrifugation ("is min et 10,000 rpm, 8 k 50 mi rotor, 
sorvai HC-5B centrifuge }♦ Phage are precipitated by 
adding 1/5 volume 20% polyethylene glycol,. 2.5 M Sacl,. 

45 leaving for 1 hr at 4*C, and centrifuging (as above). 
Phage pellets are resuspended in 10 mM Tris~BCl.< pB 8,0 
-co 1/ 100th of the original volume, and residual bacteria 
and aggregated phage removed by ce 10 to 

15 minutes in a bench microcentrifuge at 13000 rpm at 

50 4 e C. 

SOS t and western 

blotting were basically as described previously (example 
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2), Denatured samples consisting of 18ul of a 50 fold 
concentrate of phage were separated, using a 10% 
SSS/polyacrylamide gel ana detected with polyclonal 
antiserum raised against either E.coii alkaline 

5 phosphatase { Northumferia Bloiogicals, Sou:*, a 

industrial Estate.. 1- > ' *nd , HE23 9HL) 

or aqainst the minor coat protein encoded by gene 3 (from 
Prof , l, Rasched, Oni vers! tat Sons tans; , see Stengels et 
al, 1990} at 1 in 1008 dilution. This was followed $jy 

10 incubation with peroxi d ase -cc-nj tigsted goat -anti - rabbi t 
isaBunoslofcuiin (Sigma 1 in 5000) and detection with the 
ECL Western blotting system (Amershow international } . 

The presence of fusion proteins was confirmed by 
western blotting of proteins 5' c< 

15 -from fd~pbcAlal66 ( phage-enxyme } or fd~Ci\T2 < vector 
phage) . Detection with antiserum raised against the gene 
3 protein reveals a product of apparent relative 
molecular mass (Mr) of 63,000 in vector phage (figure 
34e), Although this is different from the predicted 

20 molecular weight based on the amino acid sequence 
(42,000), the natural product of gene 3 has previously 
been reported to exhibit reduced mobility during 
electrophoresis (Stengel a at si, 1990). 

In the £d~phoAlaiSS sample the largest: band has an 

25 apparent • Mr of 1 15,000-, (fig. 34). Taking into account 
the aberrant mobility of the gene 3 portion of the 
fusion, Kimateij the ^ize ess 

fusing with an alkaline phosphatase domain of 47 kD» 
This analysis also reveals that a proportion of the » 

30 reactive material in this phage-enzyme preparation is 
present at the size of the " native gene3 product, 
suggesting that degradation is occurring. In the 
preparation shown in figure 34, approximately 5-10% of 
the gene 3 fusions are intact. In more recent 
ti s - and in all the preparations used in this 
example and example 32, approximately 30-80% of fusions 
are full length* 

The protein of Mr 115,000 is the major protein 
observed in Western blots of phaga-eassyme derived from 

40 TGI ceils when probed with antiserum raised against 
E.coll alkaline phosphatase. (anti-S&F), confirming the 
a est of this hand to intact fusion. Further, when 
phage enzyme Is prepared using KS272 ceils., which have a 
deletion L; the endogenous phoA gene (Strauch & Beckwith, 

45 1988, supra. ) it is also' the ma lor band. 'there are 
iditiofl sands' a r 95000 an 60000 reactive with 
anti~BAP antiserum which may Indicate degradation of the 
fusi on product . 

The anti~BAP antiserum also reacts wit material 

50 running with the dye front and with a molecule of Mr 
45,000 but evidence suggests that this material is not 
alkaline phosphatase. This pattern is detected in PB0 
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precipitated vector phag» a.aasples (figure 34c) and is .not 
therefor© contributed by protein expressed from the 
cloned phoA gene, These bands are detected in culture 
supernstants of cells carrying fd-CATO but is not 
5 detected in t!> s su ninf acted cells (not 

shown) and so either represents cross -reactivity with 
phage encoded material or with a PEG preoipitahls 
cellular component leaked from infected ceils (Boske et 
ai, «ol« Gen, Genet, IBS, 185-192 1982 } , Although the 
10 fragment of Mr, 45, 000 is close to the size of free 
alkaline phosphatase (4?, 000), it is present in phage 
preparations from KS272 cells which have a deletion in. 
the phoA locus < Furthermore its mobility is different 
from purified alkaline phosphatase and they can be 
15 distinguished by electrophoresis { figure 34d), 

Ultrafiltration was used to confirm that the fusion 
protein behaved as though it were part of a larger 
structure, as would be expected for an enzyme bound to a 
phage particle, Phage samples (XOOpl of a SO fold 
20 concentrate) were passed through ultrafiltration filters 
with a nominal molecular weight limit ai 
(01trafree-MC filters, Millipore) fay eentr if ligation for 5 
to IS minutes at 13,000 r,p,m, in an MSB mierocentaur 
microf uge. Retained material was recovered bv 
25 resuspending in XOOpl of IQwM Trie, pB 8,0, 

Phage~©nsy»© or free alkaline phosphatase { 83ng ) 
mixed with vector phage were passed throuoh filters with 
a nominal molecular weight limit of 300,000 daltons 
( gitraf ree-HC filters, Millipore). Figure 35 A again 
30 shows that the band of Mr, 115,000 is the major product 
reactive with anti-SAF antiserum, This and the other 
minor products reactive with anti-BAP are present: in 
material retained by the ultrafiltration membrane. 
Analysis of retained and flow throuch fractions of phage 
35 preparations derived from KS272 den.-- ites 

different molecular species are being separated by the 
ultrafiltration mstoxtums. Figure 35b shows the ©retain 
of Mr 115,000 is retained by the filter whereas the 
putative degradation products of Mr §5,000 and 60,000 
40 found in phage preparations derived from KS272 cells, are 
not retained. 

in mixture of alkaline phosphatase and vector phaoe 
c-f , rree <u ( sice if 

94,000 daltons) is detected in the flow through as a 

45 r - ^ with Mr 47,000 on denaturing polyaerulamide 

gels { figure 058)., while the cross reactive molecule 
found in vector phage preparations {Mr 45,000) is in 
retained on the filter ( figure 358), This suggests that 
the cross reactive molecule is pnrt of the phece particle 

SO and underlines the fact that the ultrafiltration 
membu ens s are efi 

fusion band in this phage-entyme is present in material 
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vmt&im& on ultrafiltration membranes demonstrating that 
it is part of a larger -structure as would be expected tor 

Ca^alvti c activity has been vies 
particl? a ^ c '* Tabie 7 shows 

that the - pa alkaline phi * on 

phage { fd--ohoArqi68 ) has a specific activity (moles ot 
substrate "converted per mole of viral particles) ot 
^ 700/nin, This is close to the turnover value of 
1 540 /min f ound fx ^ k tase by 

i*ala»v and Horecker. Biochemistry 3, 1893-1&97 1964), 

Chaidsroglou et al, 198S supra have a: s 
substit! nine for arginins at the active site 

(residue 166 > leads to a reduction in the rate ot 
catalysis * Preparations of phage displaying axkarxne 
ohosohataee .with-: this mutation derived from TGI and KS272 
show" reduced specific activities of 380 and 1400 mod 
substrate converted Mai phage/min respectively, Enxyne 
soured in the retained and flow- through 
fraction > « b --filtration, shown in figure 

35. The bulk of activity from phage-mnssyme was retained 
on the filters whereas the majority of activity from free 
enzyme passes through. Therefore, the enzyme activity in 
these fusions behaved as would be expected for vrraiiy 
associated enzyme (not shown), little or no catalytic 
ectivitv is measured in preparations of vector phage from 
either Us (Table ?), indication that the 

catalytic activities above are due to phage en&yme and 
not cant ©in sn with bacterial p * Addition 

of phase oar tides to soluble enzyme does not have a 
, - - activity (Tabie 7), 

Therefore, both the catalytic and iaa t 
ectivitv of alkaline, phosphatase have been demonstrated 
to foe due to enzyme which is part of the phage particle. 
v d N 

AfiinTtv i s _ ^ - , „* - I ^-ot - 

* t using the specific binomg 

properties of enzymes ~ has proved to be a very powerful 
method for their purification. The purification of 

, acre i afoie the < 

materiel 'encoding the enzyme to he isolated with the 
enzyme itself! Thus, mutagenesis of donee e: 
exnressetl on the surface of filamentous bacteriophage 
will lead to a whole population of enzyme variants, from 
which variants with desired binding properties could re 
isolated. 

Soluble alkaline phosphatase (from calf ares , 
has bee^ ouc ted bs binding to immobilised arsenate (a 
cojfioetitive inhibitor), and s luting with inorganic 
ahosphats, which is a produce (and competitive inhibitor) 
of the encyne reaction (Brvnna.O. et si, Siochem. J. .131 
291-296 1975), The applicants have determined that 
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soluble alkaline phosphatase frost E.ooli is also retained 
by this matrix (not shown). In this exaaspie it is 
demonstrated that phage displaying E.coli alkaline 
phosphatase binds to aj 5 a- rose and can foe 
5 specifically eluted. 

Arsenate-Sepharose was prepared by coupling 4»{p~ 
aminophenyiazo} phenyl arsenic acid to tyraminyl- 
Sepharose according to the method of Breena et al f {1975? 
supra ) . Affinity chromatography of phage ' enzyme 
10 fdpho.Arg.IS6 {example 31} was carried out in a disposable 
chromatography column with a 0.5 mi column volume. 
Columns were prewashed with 100 volumes of column buffer 
(lOOmM Trie pH 8.4, ImU MgCl 2 , 0.1 tm 2nCl 2 , 0.1% Twesn 
20, Erenna et all, 1975 r supra.) 1ml of a 40 fold 
15 concentrate of phage-etia^wse (in column buffer? prepared 
as in ©sample 31) was loaded and washed through with 100 
volumes of column buffer. Bound phage -o 
with Sails of column buffer containing 2( ; js 
eluats and wash fractions were quant it at by dot 
20 blotting onto nitrocellulose and comparing with .known 
amounts of phaga-enzyme. The blots west, 
sheep antl~M13 antiserum {gift from M. Hobart), anti- 
sheep peroxidase (Sigma) and enhanced ohemiluminescent 
substrate (Amersham). A range of exposures were taken. 
28 fable 8 shows the results of affinity ohros i g 

of phage displaying alkaline phosphatase on arsenate- 
Sepharose. in separate ex? = - ■ age particles 

expressing either mutant (fdphoAia 166? example 11) and 
or wild type { f dphoArg 166) forms are retained on 
30 &rs > and eluted with inorganic phosphate. 

Approximately 0.5 to 3% of added phage e 
loaded ('input phage*) were specifically eluted with 
phosphate { 'output phage 5 } compared to only 0.05% of 
vector particles. Arsenate is a competitive inhibitor 
35 with Ki of 20pM with respect to 4~ nitrophenyl phosphate. 
Phage particles antibodies have previously been isol. t:ed 
on the basis of interactions with similar affinities 
{example 23). This association is in within the range of 
a large number of enzyme-ligand interactions suaqesi > 
40 wide applicability for this approach. 

Table 8 also shows that the inf activity of phage 
par*„e < enss i wit t™^ u tt 

vector phage, particles. This makes titration of 
infectious particles an .inappropriate means of 
45 quantitating the number* ot phage enzyme particles, For 
this reason the number of phage were measured by dot 
blotting and phage were detected with anti~M13 antiserum 
as above. 

Whereas, overall recovery of catalytic activity may 
50 be an important consideration in enzyme purification. 
this ~s nor critical with s 5 Svet if only 

low levels of phage- enzyme bind to and are specifically 



- ^ 



■pcr/mm/nttM 



96 

elated from affinity columns, this will generate clones 
which Dan sat « up N : hulk as { 

ensyses or can be transferred to expression vectors 
yielding soluble products . 

Example 33 . , , 

"RfTAi'^ 

, :< ■ ~ 

g™~ pXe 25"* showed, that genes encoding Fab fragments 
could be subcioned into vectors fdCAT.2 and oBENl and the 
protein domains displayed on the surface of phage with 
retention of binding function. This example shows that 
est ns ca he ? tf»-y and 

then joined bv a linker alios n of the 

lioht chain as a geneXIX protein fusion and the VHCH 
fragment as a soluble molecule. A functional Fate 
fragment ' is then displayed on phag« : ation ot 

these domains. The assembly process, described in this 
example, is required for display of a library of Fab 
fraoments derived from the immune repertoire if both 
heavy and' light chain domains' are to be encoded within a 
single vector, 

The VKCHX and VKCK domains of a construct (example 
25? construct II in pUCiS) derived from antibody HQW 
12 Is directed against 2~phenyl~5~oxamlone were amplified 
tas-'no PCR. For cloning into the vector £dCAT2 the 
oligonucleotides I P (example 2b » and - 

CHI FOR (example 40) were used to amplify the VH<?H1 
domains. For' cloning into pHSMX VH1BACK- 

ep ia < \a \m fox this amplification. For cloning 
into both vectors the VK&K' domains were amplified using 
VK2BACK i example 25} and CKNOTFQR (example 40). A linker 
oligonucleotide fraoment containing the bacteriophage ±d 
cons 8 term nato: and the f gene - promo < ' 

bv ampli%ing the region containing them from the vector 
faCATl bvPCH using the oligonucleotides . 
VK-TERM-FOB ^ 
5' TGC AGA CTG GGT <3A6 CTC AAT GTC GGP> GIG ASA MA GAA 
AGG 3' (overlapping with VK2SACE [example 14] > 
ana 

CHI-TEHM-BACK 

5'AAG CCG AGC AAC ACC AAG GTG GAC AAG AAA GTT GAG CCC AAA 
TO? AGC TGA ?AA ACC GM ACA ATT AAA GGC 3 f (overlapping 
with HuI.aGi-4 CHI -FOR) 

embl tb ent f ros *CH ana 

VKCK domains and the .linker prepared as above was as 
described in example 14E except that the p 
UK i SAC R AP A (when onxn into EdCATC -r /HiBAi'} 
(when cloning into pHEN'i ) and CKHOTFOR were used for the 
na NV ^ ' K - - n ~ res ** 5 " n 

sites for cloning into fdCAT2 (ApalX-MotI} or pHENX 
(SfiX-NotX) the as- b fragment is o\< t figure 

34. No assembled product was seen in the absence of 
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linker* An assembled scFv prepared according to example 
14 is shown for comparison. 

Phage antibodies were prepared as in example 25 and 
LISA wr re ( * 

5 to example 5» Results were as ragments 
cloned in both fdCAT2 

bouxid to oxasolone as detected by a positive ELXSA 
signal * 

10 SSSpap" o* * ljttjg«Cioi«nt Helper Phage 

- s 1 ' - - . * he pofcen - - x>£ %g ( - 

cloning system, a helper phage lacking gene ' 111 is 
desirable. Rescue of g@n© III fusions with such a helper 
phage would result in all the p . j t 

IS gene III fusion on their eapsid, sii id be "no 

competition with the wild type molecule. 

Control over the number of fusion molecules 
contained on each phage will provide particularly useful. 
For example, a gene XIX deficient helper phage can be 
20 used to rescue low affinity antibodies from a naive 
repertoire, in which high avidity will be necessary to 
isolate those phage bearing the correct antibody 
specificity. The unautated helper phage can then he used 
when higher affinity versions are constructed, thereby 

2S reducing the avidity component, and permitting selection 
purely on the basis of affinity, This will prove a 
surprisingly successful strategy for isolation and 
affinity maturation of antibodies from naive libraries, 
The strategy chosen to construct the helper phage 

30 was to partially delete gene III of M13K0? using 
exonuelease Sal 31. However, --phage lacking gene 111 
protein are non~ infective so an E.coli strain" eatoressing 
gene III was constructed. Wild type M13 gene "ill was 
PCR-amplified with primers gXXXFUPO and aXXXFUBA. exsctiv 

35 as described in example 24, The PGR t *as dicesi 

with Eco EI and Hind XXX and inserted into Eeo rx and 
Hind XXX~cut pUC19 (not a phagemid as it lacks the 
filamentous phage origin of SS DMA re; 
control of the lac promoter. The olasmid was transformed 

40 into E.coli TGI , and the resulting strain called 
T©l/pUCX9gIix. This strain provides "gill nrotein in 
trans to the helper phage, 

There is a single unique Bam HI site in MX3K07, 
wrnc;\ <r ox~s~~isM\ in the centre of OIIX, Double- 

45 stranded M13&Q? SNA was prepared by alkaline lysis and 
3 ' x >rid« ok et a At 

supra. 1989}.; twenty ug of SNA was cut with Sam Hi, 
phenol extracted and etnanci prr « 1 then 

resuspended in SOul of Sal 31 buffer f60GmM NaCl, 2GmM 

SO TriS-HCl pK 8.0, 12 m CaCX?, 12tm MgCX, and XxnM EOTA ) 
and digested for 4 minutes wirh 1 unit "of Sal 31 -'Paw 
England Biohabs), This treatment removed aoproximatiey 



WO 92/01 #4? 



PCT/GB91/9H34 



98 

1Kb of DHA, EGTA was added to. 20m and the 
phenol extracted artel ethanol precipitated 
purification of the truncated genome on an age 
The TM& was n - * nd seii-Xxgatea 

vi-^w t>4. DNA liaass i New Ennland Siohabsh 

acquets of the ligation react - nisi 
into competent TGl/eUCI9alX! and plated on SOB medium 
contain!, v- asniciliin at lOQug/m.1 and kanas&yein at 
50ug/mlu Colonies were screened for the presence o± a 
delation by PCR with primers gXXXFUBA and KSjaz 
( CGGAATACCCAAAAOA&CTGG } . , 8 . . . 

KSJ 12 anneals to gene VI which is u«m at* 
downstream of all I in the phage genome » txngu 
gXXX on the helper phage from that resident on the 
olasTsid, Three clones gave tractate PCR jpegm* 
corresponding to deletions of ca- 200 400 and 800pp. 
These clones were called M13KQ7 gill h Kob 1,2 and 3 
respectively. Mo clones were isolated from the earlier 
Bal" 31 I; • i Ints, suggesting that these are in some way 
lethal to the hoar cell. Several clones were laolatao 
from later time points, but none of these 
product, , indicating that the deletion reaction had gone 

H13K07 qtxr A Ko«e 1,2 and 3 were cultured and the 
resultin ^ to r f ous 

an antihs- * 3lU .« ion ( scFv SL3) by EL ISA, exactly as 
described in essamnle 18* As 37, only one 

clone, M13K0? . t:n:A Ho3 was found to rescue to 
well? in fact the siqnai using thi helper *a jx 
than r^ c i the parent H13 KG M13 gXXI 

Ho3 rescued phagemids should have a much higher density 
of antibodv fusions on their surfaces. That this was 
indeed the case was demonstrated whan the phage usee in 
this ELXSA were analysed by Westes n with an« 

gXXX protein antiserum (fig, 38), This analysis enables 
estimation of the amount of gill fusion protein versus 
free gXXX protein present on the phages mid) particles. 

Only a minute fraction of the gXXX protein on the 
Ml 3K0? -rescued material is present as an intact fusxon 
(fig 38), The fusion protein hand is induced by XPTG, so 
is indisputably that synthesised by the phagemid, As 
ed ev« d the lac promoter driving gill fusion 
protein svnthesis is fully induced (iOOpM IPTO), wild 
tvpa nil i oroteln, at a lower copy mrabe 

;a:: w < -oter, predominates, This is in contrast 

to the pattern generated by the same clone rescued with 
MX 3 KG? .aXXXANoS, and the pattern generated by fd CAX2- 
scFv B1.3, ""in both of these lattex s • tre is no 

competition with wild-typo gXXX and the fusion protein 
band is eorresoondincly stronger. 

It is v'orthA ; note tha~ cox i 
gl XX A N'o3 was immensely inefficient « one clone from 20pg 
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of starting DMA. Moreover, the. yield of gizx helper 
phage from e res s jx.rerolv low ca.XO 6 

c««/ml compared with ca, X0 iA cfu/ml for the oar*nt*l 
phage. Despite this, M13K0? gill NoS rescues the 
phagemid as well as -the p&j the 
number of ph&g&mid particles produced after " overniqht 
growth, This indicates that trans replication and 
packaging functions of the helper are intact and sugqest 
that its own replication is &®£«ctive. Hence it mav be 
that inaetlvation of gill is normally toxic to the host 
ceil, and that M13K07 gIXXA&o3 was t* -.use of a 

compensating mutation affecting,. for example, 
replication. Phage fd-tet is unusual in that it 
tolerates stations in structural genes that are normally 
lethal to the host cell, since it has a replication 
defect that slows down accumulation of toxic phace 
products? MX3KQ7 glllA Ho3 may also have such a defect/ 

M13K07g XXI A No 3 has been deposited at the National 
Collection of Type Cultures, §1 Colindale Avenue, London, 
NWS SET, UK {Accession ®o. JfCTC 12473), On 28 June 1991 
in accordance with the regulations of the Budapest 
Treaty, It contains a deletion of the Ml 3 genome from 
.bases 1979 to 2768 inclusive (see Van fesenheek, F.6.M*-F. 
St al„, gene II p!29~148, 1980 for the DMA eaouence of 
the MX 3 genome )* 
^ ^e 35 

.ec:t : on" or nactez *opnage espre^yinq „ssciv iraoments 
' e<i . a gains t lyso - 

^ v ; x ~~" 

Fcr n of an antibody with a desired high 

affinity, it is necessary to' he able to select an 
antibody with only a few fold higher affinity than the 
remainder of the population. This will he particularly 
important when an antibody with insufficient affinity 
has been isolated., for example, from a repertoire derived 
from an immunised animal, and random mutaoenesis is used 
to prepare derivatives with potentially increased 
affinity. In this example, mixtures of phage expressing 
antibodies of different affinities dlrec 
egg lysosyma were subjected to & panning procedure « It 
is demonstrated that phage antibodies give the ability to 
select for an antibody with a K d of 2nH aqainst one with 
a of 13nM. 

The oligonucleotides used in this example are shown 
in the list below; 

<v . ^ 

■ -. v BaPh : 5 - CA". A 71 70 A CA0 GTC CAA CTG CAS GAG AGC 
8GT 

m mi3 i 5'~ CGG TGA CGA GGC TGC CTT G&C CCC 

SIiXH : 5'~ GGG GTC AGG GCA GCG TCG TCA CCG 

Hi FL1N3 i 5'- TGG OCT CTG GOT CAT CTG GAT GTC CGA T 

VKBH013 J 5*~ GAC A7C CAG AT7 ACC CAC AGG CCA 
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VKFHD13OT i 5'- GAG TCA GTC TSC GGC CGC ACG TTT GAT TTC 

e G'l :cc 

HURD13SEQ : 5'- GZ 

HUMD13SEQ » 5 f » TO GAG OCT TAG CTG GC 

FDFCRBAE : 5 ? ~ GCG ATG 8GT GTT GTC ATT GTC GGC 

Phage displaying seFv fragments directed against .iysosyme 
t 5 ie fragments sssi< 

Heavy and. light chain variable regions were 
aepH ^ed ~»v the polymerase chain reaction (aCR) from 

or VK-CK rserts 

suitable for production of Fab 1 1 

Foots). The dissociation constant, Kd for different 
combinations of the two plasmids combined as Fans,, are 
shown below: 

Heavy Chain Plasm* in Flasmxd Kd 

Hull- 1 52 nM 

HuH ~l HuK~4 ISO nM 

HuH-2 HuK-3 13 nM 

KuK-4 • (not determined) 

Primary FOR 

— pcb of the variable regions was 

perform 5 - v swing: 

38, S pi Water 

5 pi FCK buffer (lOss) 

is"\a^Lk & Sigo (10 pmol^m) (VHBHDX3APA orWll). 
2.5 uX Forward oligo (10 pjsoles/pl} l VHFHD13 or 
VKFHD13N0T) .. . . 

The reaction is decontaminated ny uV i r radiation to 
destroy foreign OKA for S minutes, and 1 pi of plasties 
DKA added <0.i pg/ni ) . The per mixture was covered w.rth 
2 drops of paraffin oil, and placed on the per bloc* at 
94»C for 5 .minutes before the addition of 0.5 at o* Taq 
DKA polymerase under the Sri; - 

conditions used were 94 »C X sain, 40»C 1 tain, 72»C i.5 m±n 
17 cycles . 

>he linker {Gly 4 ~Sar} 3 , was amplified from the anti- 
phOs {2-phsnylojta«ol-5-one} clone fd~ 

usincr fch 1 b^IN and HDX3FLXN3, with O.Xug of 

piasmld SKA. The PGR cycling used was 94 »c 1 mm, 2S«C 
1.5 min, for 1? cycles. 

ARtolifi DMA was t led by rx 
a 2% low > at 90 mA, esse sang the 

-as and extracting the OKA using the 
BID 10; Inc » for the V: and VK. or by 
using Spin~K filter units {Cos tar) for the linker* A 
f inal volume of 10 pX was used to resuspend the extracted 
OKA > 

Assembly of the four single chain Fv Humanxsad Di.o 
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CseFw HuDl„3) constructs was by the process of ' assembly 

by - * - s 

The foil.;-- : ymi -.uoin&d; 

34, 5 pi Water 

5 pi PCR Buffer (10s) 

2 pi dH?p ( 5 m) 

2,5 pi Sack oligo (10 pmoias/pl} (VH8HD13APA) 
2,5 pi Forward ollgo (10 p KFH 13NOT) 

Once again,, the reaction is decont&sdnafce by OV 
treatment for 5 minutes before the addition of l pi of 
the primary HSR products? VH~1 or vk~3 or VK-4, 

plus the linker The reaction was covered with 2 

drops of paraffin, and heated at 94 "C for 5 ssinutes 
before the addition of 0.5 pi of Tag Polymerase, The PCR 
cycling conditions used were 94°C X min, 60«C 1.5 min. 
72 s C 2.3 min for 20 cycles. 

The agueoua layer under the paraffin was extracted 
once with phenol, once with phenol t chloroform, once with 
ether, ethanoi precipitated, and resuspended in 36 pi of 
water. To this was added, 5 pi of XOx Buffer for Not I, § 
pi X tag/ml BS&, and 4 pi (40 V) of Not! (Hew England 
Biolabs ) . The restriction was incubated at 37 8 C 
overnight . 

The OKA was ethanoi precipitated and resuspended in 
36 pi of water, and 5 pi 10x NEB Buffer 4, 5 pi 1 mg/ml 
BSA, and 2 pi (40 u) of Ap&LI (Mew England Biolahs J, 
This was incubated at 37 *c for 3 hours? a further 2 pi of 
ApaLI was added and the reaction incubated at 37 8 C 
overnight. 

The cut DNa was extracted fey gel. purification on a 
1.3% low melting point agarose .gel followed by treatment 
with Geneclean, to yield the insert DMA for cloning. 

Vector fd CAT2 i prepared and digested with ApaLI and 
Not! as in example 20} and the scFv DNA were ligated as 
in example 20. 
ftBS i Yff. :: — Gf Clones 

Colonies irons the ligations were first screened for 
inserts by PCR screening. The PCR mixture was prepared 
in hulk by combining 14.8 yth Ik PCR Buffer, 1 pi dNTP (5 
mM), 1 pi Back oligo (FDFCRBA&.}, 1 pi Forward ollgo 
( FBPCRF0R), and 0, 2 pi Tag polymerase per colony 
screened. 20 pi of this PCH mixture was allguotad into a 
96 well Techno piste. The top of a colony was touched 
with a toothpick and twirled quickly into the PCR mixture 
and the colony rescued bv placing the toothpick in a 
Cellweil plate (Nunc) containing 230 pi of 2x TY medium. 
The PCR mixture is covered with 1 drop of paraffin and 
the plate placed on the block at 94 "C for 10 minutes 
before cycling at 94 *C 1 minute,. 60*C 1 minute, 72 °C 2.5 
minutes * 

The clones thus derived were named as below. She 
affinity of scFv fragments derived the Fab fragments was 



WO 92/01847 



PCT/GB91 /01 134 



not determined but previous results suggest; that these 
a-e c>o«e>y related althouoh not necessarily identical 
(R.E, Bird & B.W. Walker TIBTECH 9 132-137, 1991). 

5 Construct Affinity 
Haate Opposition of Fab (Kd) 

TPB1 VH-HUH2 --{Gly 4 ~Ser} 3 ~ VK-HuK3 13 nM 

TPB2 VH-«HuHI~{Gly4-S©r)3~VK-HuK4 ISO nM 

10 TPB3 i ' ?4" s< K-HuK4 

TPB4 Vll~HuHI-(GlY4~Ser}3-VK«-:HuK3 32 nM 

Preparation of phage and EhlSK was as described in 
example 6. The clones generated in fd CAT2 were shown to 
15 bine lysoryme as expected, 
Affi «i ton 

« i >t Highest: Affinity Biadxag Phage 

Mixiria experiments were performed in wnich 

example ^ N < ar fd- 

20 CAT 2 TFBi , fd~CAT2 TPB2, or fd~€AT2 TKPS4, and used in 
one round of panning. 

The general method need for affinil 
panning is that detailed below. Any deviation from this 
protocol is described at the relevant point. Panning 
25 plates were placed on a rooking platform between 
manipulations. 

Falcon 35 mm Tissue Culture dishes were c< 
overnight with 1 ml of Lysory? /a a . - - 

dissolved In 5, 5 > nate, pH 9.6,- ana 

30 blocked with 2 ml 2% MPBS at room te ' e for 2 
hours, Phage were prepared in 1 ml 2% MPBS and rocked at 
room temperature for 2 hours, Plates ware washed for 5 
minutes with 2 mi of the tc ns; times 

with PBS, ?BS~1?ween, 50 mM Tris-HCX, pH 7,3? 500 rsH 
35 soj ide, 30 m Trls-HCl, pH 8,5? S00 m Sodium 

Chloride, 50 n* Tris-HCl, pH 9.5; S00 tsM c< 
50 m Sodix yd 5 c < < ~" 0 ism Sodium 

Chloride. Phage were then ©luted by adding I ml 100 m 
Triethylemine and rocking 
40 the eluare which was neutralised with 100 ul 1.0 H Tris- 
KC.1, pH 7.4. 

Plates were coated overnight with Lysoryma at the 
concentration listed below. 

Colonies from the single round of panning were 
45 orobed with either MURBSEQ (for fdCAT2 scFvD1.3) or 
HUHD13SEQ { for fdC&?2 TPS constructs)* 

Circles of nitrocellulose (Schleicher & Schueil,. BA 
85, 0,45 urn) were labelled in pencil and lowered gently 
onto the colonies derived from the panning experiments 
50 and left for one minute. The filters were then pulled 
o-ff guieklv from one edqe and placed colony side up on e 
niece of * 3 MM paper (Whatman} soaked in Denaturing 
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solution (S00 mM Sodiums Hydroxide? l.S H Sodium Chloride) 
for 5 minutes. They were than transferred to 3tm soaked 
3 ' K&uts o ,3x0 M Sodi v loride 500 mM 

Tris-HCl, pH 7.5) for 1 minute, and then to 'Sm soaked in 
3 Sx SSC? 2 SO mH Ammonium Acetate for i minute. The 
filters were then air dried before baking in an 80 8 C 
vacuum oven for 30 minutes. 

The oligonucleotide orobe was nrepa . > % s$b nines 
the following; 
10 2 pi oligonucleotide CI pmoles/pl) 

2 pi $ ~32F ATP J mac - I - *tion< 

pie ) 

2 pi 10 k Kinase buffer (0,5 M Tris-HCl, pH 7.5? 100 irM 
Magnesium Chloride; 10 m DTT } 
IS 12 pi Water 

2 pi Polynucleotide kinase (20 Units) 
This was incubated at 37 S C for I hour. 

Hybridization was performed in the Techne HB~1 
Hybridiser, The baked filters were pre-hvbridi&ed at 
20 37*0 in 40 mi of Hybridisation Buffer {id ml 100 m 
Sodium pyrophosphate; 180 ml 5,0 M Sodium chloride; 20 ml 
S0x Denharts Solution? 90 ml X.Q M Tris-MCl, pH 7.5; 24 
ml -2S0 sjH SBTA? 50 mi 10% NP40; made to 1 litre with 
watery 80,3 mg rATP? 200 mg yeast HKA {Stoma}), for IS 
25 minutes before the addition of the 20 pi of the kin&eed 
tfUgo. The filters were incubated at 37 9 C for at least 
one hour, and then washed 3 times with SO ml of 6;* SSC at 
37 8 C for 10 minutes (low stringency wash). Filters were 
air dried, covered with Ss - < 

30 with Kodak X-AR film. 

Selection of fd~C&T2 scFv Bl.3 from £d~CMf2 TPB4 

Figure 39, summarises the results from penning 
experiments using & mixture of the high affinity fd-GAT2 
soFv 01,3 phage {Kd~2 nM) and the M-CAT2 ?PB4 construct 
35 <Kd-52 nH), 

At a coating concentration of 3000 ug/'ml. Lr&azym, 
little or no enrichment could be obtained, * it was 
however, possible to get enrichment for the scFv Dl. 3 
phage when a lower concentration of a was ussd for 

40 coating the plates. -The best enrichment value obtained 
was from 1.5% fd~CAT2 ecPv D1.3 in the sta tin mix 
to 33% fd~CAT2 scFv DX.3 in the eluted faction, on a 

?ht with 30 uq /ml Lysosyme, 
Selection of fa~CRT2 scFv 01.3 from £&-OW2 TPS! 
45 Enrichment fcr the high affinity scFv D1.3 ohage 

over the £d~CAT2 TPB1 phage (Kd~X3> ~nH. could only be 
snown from e>:r « s , as had 

overnight with low concentrations * of 
in Figure 40, 

50 in summary, single chain Fv versions of a series of 

humanized hi. 3 antibodies have been constructed in pbac« 
fd»CAT2> By affinity selection of fd~CXT2 phage 
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mixtures, by panning in small petard, dishes., it was shown 
that the high affinity scFv »1.3 phage, could be 
prefers rotinc of ~ OWi?r 

affinity scFv HuDl.3 phage. 
5 Example 35 

£,£^^10;:. V C^yavTiCallV ' ^ ^J. 

> " > < - : \ ~ 

^— Kowe 3 kai : hospnasase 
from s.coli can be expressed as a catalytically active 
10 emiysae on the surface of bacteriophage fd. Here we show 
tha : 3 - > * ca x 1 - sed in a 

eatalytioally active form suggesting that this 
■i do -n may be general. 

>^hs gene for the enzyme >• icxease 

15 ( SNa«e > was ampl t j ad from M13 mplS - SHase { Neuoerge 

mIs. et al Nature 312 604-608, 1984} by PGR using primers 
with internal ApalU ( 5 5 - . „ , _ 

<2aAATTCGTGCACAGAGTaCAACTTCAACTAAA^ATTAC~3 } and hot! 

20 GSGATCCCSCGGCCGC^'^GACCTGAx^CAGCGTTOTCTTCG-S 5 ) restriction 
sites, cloned into phage vector £&~CM2 after aigestxon 
with ApsuI-NotI resi - on snzpes and the nucleotide 
act of the SNasa gens, and junctions with gene xU 
cheeked by DNA sequencing. The fd-tet Si < 

25 praoared from the supernatant of infected £ < coil TGI 
cultures by three rounds of PEG | ^> ma me 

fusion protein demonstrated by SDS~gal alec : j 
and Western blotting using rabbit anti,~g3p ana 
(Prof. I. Kasched, Konstanz) a: d \ i . * 

30 anti-rabbit antibodies (Sigwa) (Fig. 41} as described ia 
example 2?. As well as the fusion protean bane 
I Mr 59749, but runs at a higher p&sitxon due 
to the aberrant g3p behaviour}., a smeller { proteoly txc , ) 
product is seen. 

The fusion orotein waa shown to be catalytxca.s.iy 
active by incubation of the fd~tet -SHase phage (4 x 10- 
tetraoycUn resistant colonies [TO] ) with single stranded 
DNA (1 uc) for 1 hr at 37 »C in the presence of Ca 2 +, and 
analysis "of the digest by agarose gei electrophoresis 

40 ( Figure 42}. Huci* - -ity *as not d< - wrth the 

oarent fd~€ATa (2 x 10 iu TU) phage alone or after three 
rounds of PEG precipitation of mixtures ot td-CAT2 x 
TU; with SHase (0.7 pg). Thus the nuclease activity 
results iron she display of the ensyae on the surface ot 

4S th < cipitated or sola faHasa 

set free by ae ? *da1 on of the fusion protein. The 
nuclease activity of fs~tei~SNase J Figure 42} lies xn the 
same ord gnitude, (2 x 10* TU md a anting thre* 

cosies of SNase per TU} as an eeuimoiar amount ot. sNase 
(0.03 no cr 10 9 particles), and like the authentxc SHase 
was dependent on Ca^, since incubation with 40 mM MgCX - 
and 25" mM EGTA blocked activity (not shown). 
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Example 37; Display of - o . . T^o ^ -t x * ~m I Doma ins ... of 

hunar „P4 ^n,..tI; ? e...Su= > c hage 

The protein CTk * of the xmmur 

sup*r£amily, is a ceil surface receptor involved in MHC 
class II restricted imwxm recognition, it is also 
recognised by the protein gpl20 derived from the human 
immunodeficiency virus (AIDS virus). The first two 
domains (named VI and VS.. residues 1-178} of the surface 
antigen CD4 were amplified fro» puC13-T4 {gift from T. 
Simon) containing the human cDNA of CD4, bv PCI? using 
primers with inters ~GGA ATI CAG AAO 

AAA 0TG GTG CTG GGC AAA AA& GGG 0-3' ) and Not! ( 5 ' -GGG 
^ C SC GGC GGC AGC TAG CAC CAC GAT GTC TAT TO GAA CTC- 
3* ) restriction sites. After digestion with these two 
was cloned into £dCAT2, and the 
of the CD4-VIV2 mh and 
junctions with gene III checked by dideoxy sequencing 
i i fd-segi (S'-GAA TTT TCT GTA TGA 

GG } < CM-sagi (5'~GAA GTT TCC TTG GTC CC~3 { ) and CD4~seq2 
20 (S^-ACT ACC AGG GGG GCT CT-3 ! } , In the same way, a fd- 
OD4-V1 version was made, linking residues 1-10? to the N~ 
terminus of gene III, using previously mentioned primers 
t 5liq iOtide 5 ? -GSG ATC GGC GGC CSC GOT GTC AGA 

GTT GGC ACT CAA TCC GAA CAC- 3 ' for amp. ficatio 
25 conditions and cloning were essentially as described in 
example 15 except that digestion was witn ApahX and Not! 
( used according to the manufacturers instructions ) * 

Both fd~CD4~Vl and fa~CD4-VXV2 phages were prepared 
from the supernatant of infected E.coli TGI cultures by 
30 three rounds of PEG pre- < thereto^ :oneentrating 

the sample 100-fold for BhXSA analysis. The fusion 
protein was detected in a Western blot ( results not 
shown) with a rabbit anti-gene XXX antiserum, and 



35 Binding of the CD 4 moiety to soluble gp!20 

{ recombinant HIV- XX IB gpX20 from CEO cells, ADF604, 
* the Aids Directed Programme., national 
Biological Standards and Controls.. South 
Potters Bar, UK) was analysed in an ELXSA, using 5 
40 ug/ml gpl2C for coating {overnight, in PBS), Ant i -MX 3 
antiserum was used to detect bound phage? all other 
conditions were as in Example 9, Figure 43 shows the 
ELISA signals of wild-type phage (fd-tet) and both CD4- 
phages. Both CD4-phages can bind gpi20, but fd~C04-VXV2 
4S binds much stronger to gpX20 than fd-CD4-vl« The binding 
competitors,, soluble CD4 (recombinant soluble CD4 from 
Baculovirus, ADP 608; from the AIDS Directed Prooramme } 
(25 pg/ml) or soluble gpi20 (20 pg/mi } , added together 
with the 50 ui phage stock samplu during the Z" 
50 v v nal to und level These results 

indicate that pi -.ding to cp!20 is mediated by the 

CD4 molecule displayed at its surface,,, and that binding 
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is stronger when the two amiaotermlnal domains of CP4 are 
J-nted. , , ... 

The D4 a aJ tor a 

is active when displayed on b fd. Like the 

PBGF-8B receptor, the functional display of which is 
described in examples 15 and 16, CD4 is a member of the 
immunoglobulin superfamlly and this result suggests that 
this class of ssoieeula may be generally suitable for 
display on the surface of phage, 

T ->.:':Hvr or: 3~ lie" ir-r; ot Mutai vcs or an 

>vT.r- 4 '•ivd roxyt 4 -ilt Koih^T-x-at.^ c *t la ml \ j- * , >\nt i r od A 

■ : - '■' - - :.V- : ; - : " ,'. ■ :. . ■ ■ : :. . : : .- : • " 
— i increase the 

diversity of a ooot of genes cloned in pi 
a pool of antibody genes, or to produce a large number of 
variants of a single cloned gene. There ere many 
suitable in vitro metagenesis sn* 

attractive method, particularly for making a more diverse 
peculation of a library of antibody genes, is to use 
mutator strains. This has the advantage of generating 
very laroe numbers of mutants, essentially Halted onay 
fey the number of phage that can be handled. The *g< 
display system allows full advantage to be taken of this 
number to isolate improved or altered clones » 

Nucleotide sequences encoding an antibody scFv 
fragment directed against 4~hydroscy~3~nitr5r* 
acid (HP), scPVBiS, derived as in example 14 srora a 
monoclonal antibody against MP were cloned into MCAT2 
using apahl and • Not! restriction sites as in example 11 
to create f dC AT 2 s cF vB 1 8 or into fdDOGKan (fdCAT2 with its 
tetracycline resistance gene removed and replaced by a 
kanamycin resistance gene) using Pstl and Hot! 
restriction sites to create FvBiS or into the 

ohaoemid vector oKEHl using the restriction sites SiUX 
and" Not I as a fusion protein with gene 2XX to create 
pHEHlSCFvBlS. ^ 

In SR. M. Bcnaaper a R.L. 
Dunn 0% Mol. Biol. 262 1627-16270, 1987? R. M. SchaapeJ 
Proe, Natl. Acad. Sci. U.S.A. S5 8126-8130 1988) were 
used ; 

KR9232; are, thi, jautD5-aaf 13; :TniO t pro lac, F' pro lac 
NR967C: ara, thi, assi, UttWl, leu: jTMO, proiae 
MK9292s era, i F'prolac 
NK9084: ara, thi, jautTi, ari, proiac, F ' prolaci" 2 "7\H1 s 

MR9046 5 era,, thi, sups, rif, nalA, metB,. argmam), 
nroiac, ?' proiac 

we*-e kind gifts of Dr. R. M. Sohaaper (Department of 
Health & Human Services.. Mh, PO Box 12233, Research 
N»C ? < ^ N 

;D5: rTnlO 

HES046mutTI : NB9046 mutTIirXnlO 
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vmm constructed by FX tr no to standard 

proeeduras, Mutator strains were , i t®$ with 
fdCAT2scFvBI8 of f dDOGKanscF vBlS and transf actants 
selected for antibiotic resistance. Transf octants ware 
5 grown for 24h at 3?*C before mutant phag 
by PE© precipitation, The mutan 

a 1ml NIP (4 5 3~iodo~Snits ph« *eetic acid)- 

BSA-Seph&rose affinity column (praps j j to the 

manufacturers instructions) prewashed with 20Qml of PBS 
10 and blocked by 20ml MPBS. Phaoe wore loaded on the 
10ml m>B$ and unbound material reapplied to 
aplete binding. The solumn was eq U « 
with ICtol of MPBS and 500ml of PBS. Phaoe bound 
to the affinity matrix was eluted with 5 coli 
15 of 0,33 m Hip-Cap (example 48), 

Phage eluate was incubated for 30min to Ih with log 
phase (2x10 s cells/ml) E.coli mutator strains without 
antibiotic selection. The infected cells were then 
diluted 1? 100 in 2x<Fx and grown for 24b with antibiotic 
20 selection {ISug/m! tetracyclic or 30uc/ml kanassvcin for 
id CAT2 scFvB 1 8 or £ dDOGKanscFvBl espectivt 
fxtm this culture was used for another round of affinity 
selection and mutation. 

Binding of phage antibodies was assayed by ELISA as 
2S in example 9 except that ELISA plates were coated with 
NIP-SSA < 4~hydroKy-3~iod©~5~nl txophcny 1 scat; SA ; 0.4 
mg/mi). Culture supernatants were prepared following 
growth in Celiwells as described in example 21 and 20ul 
of culture supernatant was added to es 
30 200ul with MPBS. 



Phage samples giving signals in BhX&h of 
th® background w< 



twice th® background were tested ELISA as above for non- 
specific binding against lysosyme., BSA or 0k~8SA ( example 
9). Specificity for NIP was further confirmed by an 
ELISA in which serial dilutions of NIP-CAP were added 
together with phage antibodies. Addition of increasing 
concentrations of NIP-CAP reduced the ELISA siafcal to the 
background level. 

Phage giving positive signals in ELISA were 
sequenced and 2 different mutants were subcloned into 
pHENl phagemid and transformed Into HB21S1 for soluble 
ession and T01 for phage display (example 27 >, 

For expression of soluble ecFv fragments, 
sforaants in E.coli B82151 were grown at 3?°C in l 
litre 2xrY, 0.2% glueoe. 0»img/s$i ampicillin to an OD600 
of 1 and expression of soluble seFv fragments induced bv 
adding IPTO to ImM. Cultures wsrfs shaken at 30*C for 
16h. 

Soluble scFvBIS was concentrated from crude 
bacterial supernatant in a FLCWGSN ultrafiltration unit 
to a volume of 200mi, 

The concentrate was passed two times over a 2ml 
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with 200ml 



^ Xu - was washed with 500ml of PBS and 2Q0ml of . iv 
Tris pH?.S, 0.SM MaCl and phage antlfeOG-iss elated with 
s'omM Citrate buffer $>B2.3. The eiuate was immediately 
neutralised with IMTris oH8. The elaate was dialysed 
against two changes of 1 litre PBS,, 0,2s*M SD*A, 
Precloitated orotein -was removed by centrif ugation ax: 
10000a a - rield was determined by measuring the 

absorhan- - Onm of the supernatant. 

After 4 rounds of ma 
clones were screened and in one or two rare examples 
strongly positive SLISA signals were- obtained from phage 
antibodies derived trass the mutation of each at 
foCAT2soFv8l8 and f dDOGKanscFvBlS in the ELXSA. The 
SLISA conditions were such that the parent phage 
fdCAT2soFvB18 only generated weak signals. These phage 
antibodies qivinq stroneiy positive ELXS rs were 

enriched in "further rounds by a factor of roughly 2.5 per 
Fortv phage antibodies giving strongly positive 
were* sequenced an « - - 

six different positives in the scFvBIS 
five of which reside in the light 
70% of the mutations occurred at 
positions 724" and " '725 Changing the first glycine in the 3 
segment -ork 4} to serine ( xn 21 

cases) or aspartate (in 3 cases). The mutations found 
are shown in Table 9. The sequence of scFvBIS is shown 

xn F "|^ nuc £ aot;i4e seoueneee encoding the scFv fragments 
of a framework mutant with the above glycine to serine 
mutation, as well as a mutant where Tyr in the CDE3 of 
the light chain hah been mutated to aspartate, were 
amplified bv PGR from the phage antibody clones and 
subclones into oHENl phages!* (essentially as in ex 
3S )* This avoids possible problems with genelll 
mutations caused by the mutator strains. The same 
pattern of ELXSA signals was seen when the mutants were 
displayed on phage "following rescue of the phacemid with 
helper phage (as described In example* 25) as when the 
mutants were assayed when expressed from the phage genome 




The scFv fragments from scFvBIS and the scFv 
fragments containing the glycine to serine and tyrosine 
'v actively were expressed in 
4^ solution {following transformation into E.coli HB2151 as 
xr < at 0) c> rhey showed no differences in 

the -ISA signals between wild- type 518 and the framework 
mutant. rh< ? N ^ 

the Tvr mutated to aspartate in CSR3 of scFvBIS was about 
50 10k st s 3n yields were found to he 

com? * using an 

antiserum raised against g3p (as described above). 
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Affinity measurements were, performed usinc fluorescence 
quenching as described in enamels? 23, A.fftnitv 
aessurssent of affinity purified scFv rraassants however 
snowed scFvBiS .. and the scFvBl 8 ;Giy->Ser : end 
5 seFvSISi Tyr~>Asp mutants all to have a comnarabie 
affinity of 20m for NIP -CAP, 

A Western blot using sn anri-genelli antibodu snowed 
the framework mutanx had suffered signif icanrJiv less 
proteolytic cleavage than seFvBlS, 

10 Hence, the use of mutator strains generates a 

diverse range of murants in phage antibodies wner. they 
are used as hosts for clones for gene in fusions. In 
this case some of the clones exhibit hxcnsr lb i fa : -\--n«i'~ 
roba • tad 

Id The mutator strains can therefore be used to introduce 
diversity into a clone or population of clones. This 
diversity should generate clones with desirable 
characteristics such as a higher affinity or specificity, 
Such clones may then be selected foilowrnq disoiav of the 

•F! proteins on phage. 

M^£^.™£iJ^HE^E4!?.r* oi Lrl£. v Fra " mfi fiii" - ; Ff the Surface _of 
r^- »^ ... > . i 

doraexna """"""" w 

this example shows that functional Fv fragments 
is can no expressed on the surface of bacteriophage bv non- 
covalent association of VH and VL domains. One chain is 
expressed as a gene III fusion and the other as a soluble 
polypeptide. Thus Fv fragments can be used for all the 
strategies discussed for Fab fragments including dual 
so combinatorial iibrarx.se ( example 26). 

A useful genetic selection zysx&m for stably 
associated Fv fragments could be established if the 
expression of Fv fragments as fusion proteins on the 
phage surface would be possible such that one v domain is 
3b fused to the gene III protein and the other V domain is 
expressed separately in secreted form, aiicwino it to 
associate with the. v domain on the fusion "protein 

r strength s i i . 
This idea was tested in a model experiment usma the V 
40 ' ' s frc - - -hen egg - c^ no antibody by 
feeing the .01. 3 vk gene to gone III and seoaseteiv 
expressing the Fi,3 VH domain, 

peri entail y -car as achiev* a oiio« The 
eotor ; h~sp 0 roe res "race nrvmos 

— ana : <noi. From the Fv expression oiasmid pSWl- 
S-VKDl.omy * rsscs pi : 3 .Ward ar ai . . ' 1989 

\ ~ M- 1 ' * ~5 f 

~ 1 ' — s - ~ i eue-u ; 

(terminated by 2 stop codons ; , a spacer reaion "eotueen vh 
to and VK genes including a rihosome-oindlng sets for 
expression of the VK gene, a peiB leader sequence, and, 
following in frame, the VK gene. This fragment was 
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the dioested fd-DOG vector to generate the 
-oat F" OLdh As shown on che nap in Ma -45, 
rhe ci.stronic <--gen 5pex ~z - <. has fs » 

the gene III crssoter; secretion of the vh domain .xs 

ition of th< 

< ^e-*.:" fusion nrotein bv the peiB leader sequence. 
ror~eontroi sursosas a second construct: with rhe name rd~ 
ret Fv D1.3 (dS-Stuf far ) was made by a similar route as 
described above: the vh used in this construct carriss an 
insertion of a 200 bp fragment in the Sty 1 restriction 
site at too junction of VH CDR 3/FH4, thus interrupting 
the VH wire several in frame stop eodons. it is known 
frosa orevious work that mis insertion sutircxentxy 
disrupts the vh structure to abolish brooms to tne 
iriwn Ivsoa » aS! a ~° uMe JV or 

am-, Fv >u or as a sx.no xe~cnaxn Fv - o n~ 

on ohaae surface- This construct was uses as a control, 
TGI "bacteria carrying either the fd~tet Fv D1.3, xc-tet 
Fv Dl.3 SiS-Stutfar} or as single-chain wi id- type control 
fd~tet scFv Dl.3 oiasmids were grown in liquid culture 
Imedi.ua* 2xTY containing 15 pa/mi: ■ tetracycline j for 24h to 
produce phaoe ©articles in the supernatant. After 
removal of bacterial cells by ceni ? J n the phage 
titer in tne suoernatants was determined by re- infecting 
exponentially growing TGI ceils with a iti - J th* 
i > x a - » • 3j.ona.es 

after rlatina on tesraeyciine-plates . The mtectiotis 
ohaoe titers achieved were ixlO 1 * tetR transaucxng 

mits f:o;; rhe - ;ars xxid-typ* srtrol xa-tet 

scFv Dl.3 and 2x10 Au tetR x 

phage constructs fd-tet Fv Dl.3 and fd-tet Fv Dl.3 <AS» 
Stuff ex : < 

EtXSa of hen aue lysoayme was performed as in example 2, 

The results are shown in . t- ' . Phage derived rm 
bacteria carryinq and expressing roe Fv construct td~tet 
Fv 0I.3 bind to the immobilised hen egg iysozyme, and 
when tak'ina the phage titer into account, xnceea 
apparently better than the single-chain Fv bearing pnages 
sroducea "fev fd-tet scFv Dl.3 carrying bacteria, The 
action and the - t .or * 

v) v o <. - ieoo ~m ^ ta u f Fv 

v. xsx rt the VH 

donor- m m~s,o .< ^ - " = ^ n1 ssocxation 

eliminates binding to iysoryma, , 
As a final control Q f he expected "tart 

vests tried out 

>haos use si ns oneents eed rid two 

seouent - HG were applied to a 10% 

~ ores xo-w • o ra u -VDF xemrrxne moobiio; Hlii? re in 
a *emi - d r v W a s t e r n t r a n s f e r a p p a r a t u s K o e £ e t S . 
Femaraxna bino.inn sites on •he filter were blocked by Ih 
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incubation with 3% BSA in PBS, and detection of the qene 
III protein accomplished by incubation with a 2 : 1000 
diluted rabbit anti-genelll antiserum for 2h, several 
washes in PBS/0,1% Tween 2D, incubation with peroxidase- 
S conjugated goat anti-rat immunoglobulin antibodies, 
washes and development with the chromooenic substrate 

iiaminoben o~-^ i !™tei 

5 aid i ba ox e gene 1 sion j ostein 

(data not shown},, that is intermediate in sisa between 

10 the bands obtained for a wild-type gene 111 protein from 
fd-DOGl and the scFv-gene III fusion protein from fd~tet 
soFv D1.3, thus proving the presence of a single 
immunoglobulin domain covaiently fused to the- gene III 
product int he Fv phage, 

X'S In summary, Fv-gene 111 fusions in which one V 

domain is fused to the gene III protein and the other V 
domain associates non -covaiently can be oresented in 
functionally active form, on the surface of filamentous 
phage. This opens the possibility to Genetically select 

20 for stably associated Fv fragments with defined binding 
specificities irons V gene libraries esoressed in phages* 
Example * 
u sr .v. 

ihi scccI5e~a PCS* based taehnxaue to 

25 "assemble" human Fahs by splicing together the heavy and 
light chain DMA with a separate piece of 'linker 1 DNA. A 
mixture of universal primers is used which should make 
the technique applicable to ail human v -genes. 

the general technique for PCE assembly of human V™ 

30 genes to create a Fab construct is described. The 
e f £ i ciency of this te c hnique w a s a s s e s s e d b y 
" assent l. :x5g'*, cloning and expressing a human anti rhesus- 
D { Rh-D ) Fab from a IgS~K monoclonal hybridoms. also 
demonstrate the potential to rescue human monoclonal 

35 antibodies from polyclonal cell populations by 

lag and isolating an IgG~ 
lambda monoclonal an ti-Rh~D Fab from a nolvclonal 
lymphoblastic cell line (LCD, 

h t~ < x h CB issemb y s shown 

40 in fig, 47 and is oascrroeb in more detail below- For Fab 
assembly,, the VH-CH1 and VK-CK or V lambda -C lambda light 
chains are amplified from first strand cdna and gal 
purified. Heavy and light chain DNA are then combined 
together with linker DN'A and fiankino oligonucleotides in 

45 a new PGR reaction. This results in a full ienoth Fab 
construct since the 5 J end of the linker DMA is 
complementary co the 3' >nd of she C-Hi comaxn jnd the 3 f 
and of the linker is complementary to the 5' end of the 
light chain domain. The linker DMA contains terminal 

SO residues of the human CHI domain, the bacterial leader 
•sequence i pels ) for the light chain and the initial 
residues of the VK or V lambda light chain ;fi«<2>. 
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Finally, after gel purification, the Fan construct is 
'*--i™"-:tis„ Air" --anting oligonucleotides oontuanov. 
restriction sites for sio;ss.r.g. 

Plfconuclaoxida primers; In order to develop tne PCB 
, : - s . - » new 

rae.ee of human specific oligonucleotide primers. 

The PCR prime re at the 1 end of the VH and VR arse 
Vlambda gene axon i BACK primers } are basse on sequence 
data extracted iron the Rabat database, (Rabat, E . A » at 

10 nl. Sequences of Proteins of immunological Interest. 4th 
Edition. US Department of Health and Human Services, 
198?"> the EMS L datamase, the literature OOhuchana, P», at 
ai, Eur aunol *d unpublished at? 

The sequence of the vr, VR and Vlambda primers are given 

15 in table 1. In addition, extended VH primers with Sfil 
sites at the S ! end ware also designed (Table 10} for 
addinc? a restriction site after assembly. 

Table 10 also shows the 3 >rim< 
designed for the PCR based cloning of human V genes, 

70 There are two sets of these depending on whether a Fab or 
scFv is to be produced. For Fab assembly, the forward 
primer was based at the 3 : end of the CHI domain, OR 
domain and Clambda domain, In addition., the CK and C2 
FORWARD primers were also synthesized as extended 

25 versions with hot! Sites- at their 5 s ends. 

Primers complementary to the CK1 forward primers ana 
the VkK and V lambda beck primers were synthesized to 

permit oeneration of linker DNA by PCR at : ticm of a 

oiasmta' template containing the Fab linker i Table 10). 

30 To ensure adequate amplification, the primers were 
extended into the actual linker sequence, 
\ is:t preparation 

Thi a tame as described i Example 

14. but usa.no material of human origin. In she results 

23 eiven in this example human hybridoma and human 
, c 1 lines woxe end. 

- 

• • at total RHA in 20ul water was 
heated at 65 :: C for 3 minutes, quenched on " ano adaea 
40 v. 1 1 i tin? in u < 2 £ ~» 

aire, co \ nM Tri CI i pHB * 1 Q 

OOuH sxythymid tne 
pho'sph? - ~ ' 3 phat« i > 

deoso ce < phospnara ma 0 J 1 * ieoxyguanosine 

di s, jr-an placenta tMAs a i bites 

and lOoeoi of tne appropriate Forward primer ' HsiaGI- 

• avian svslshlassosss v: rrr; \>h reveres transcriptase 
was added, the reaction incubated at 42 *C for I hour, 
10 heated to 10G*C for 3 minutes , quenched on ice and 
centrifuges for S minutes. 
C Prrsary PCFs 
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For the primary FCH amplifications, an sguimoiar 

v ' ana FORWARD 

pri.me.rs was used. (See specific examples 40a and 40b 
giw.fi later in this example), A SOul reaction mixture 
5 was preps , h supernatant from the 

CDMA synthesis, 20 pmoi total cc < ion u th« 
FORWARD primers, 250 uM SNTPa ., SOmM KCl, iOOoM Trie. HCt 
CpH «»3>, 1,5 tm M:gC12, 175uc/mi BSA and luX 15 units) 
Therm us sguaticus {Taq) On A polymerase ( Cetus , 

10 Emeryville, OA). The reaction mixture was overlaid with 
paraffin oil and. subjected to 30 cycles of amplification 
using a Teehna thermal cycler v The cycle was 94 *c for I 
minute id „ \ tion) 57 9 C for 1 minute (annealing) and 
72 «C for 1 minute < extension } . The product was analyzed 

IS by running Sul on a 2% agarose gel* The rsma i nder * was 
extracted twice with ether,, twice with phenol/chloroform, 
ernanoi precipitated and resaspended in 50ul of R-,0. 
P.o:irrh : :. r; 4 ; - ? -' of .imker 

"o make the"' Fab linker DMA , 13 seoarare FOR 

4 ! o reactions were performed using Rule : t and arc t £ 

the reverse VK or ..amhda oligonucleotides. The 

template was approximately Ing of pJM-lFab Di.3 {fig. 48} 
The PCE reaction reagents were as described above and the 
eycie was 94* tl min, 45*: lain end 72* si win. The linkers 

25 wex-e analysed on a 4% agarose gal, purified on a 2% 
agarose gel, ©luted from the gel on a Spxn-X < 
ethane 1 

£ . A.esei ^ ly_PCgS 

FDr ™ assembly of a human Fab approximately lug of 
*° ' * fication and luq or nr 

-igM chi £ > ixed with approximated 

2»0ng of the appropriate linker DMA in a FOR reaction 
mixtuz-e without primers and cycled 7 times -4 ; 2 mm. 
72*52.3 min) to join the fragments. The reaction mixture 
* '*m ' ed for 25 cycles C94 9 :l mi, 68 B -?2*;1 
min, 72 !! ;2.5 min) after the addition of 20 omoi of the 
•e flanking BACK and FORWARD primers. 
.Add hestr xetion Sites 

r- were qel purified and 
40 3 P c ..ss 94'jX min, 55 ° : 1 min, 72*? 

25min) with the flanking oiigonueeotides containing the 
appended restriction sites, FCR buffers and ntps were as 
described previously. 

45 genes *»™~~~~ „ . 

h±v of _s Fai - ^> i-bridosse the 

human monooicnai an to. Rh-d) ceIl""Unes Foq"T { TaG~k ) was 
aerxveo from ESV transformation of the pels ox a Rh~D 
negative diced donor immunised %ith Bh-D ocsitive blood 

50 and has been previously described ;Meiemed, m . c . . at al., 
J. Irns-cicoiogicai Methods, 1287. 104:245) ; Hxacams - Jones 
N.C., at al., Biochem. j, 1990. 268 J 135 ) ( Coriek t b.O. et 
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a!.. Vox. Sang- 1988 .„ 55 : 165 ) Total RNA was prepared 
nrcros-ii^'v X0 ; bvbridoma cells. First: strand 
cONA svnahesis was oerf erased as describee above using the 
r*t W r« HvlaGi~4CBlFOR and KuCKFQH. Primary PCRs were 
oerfornad for the VH-CH1 asing a mixture ax ahs b 
i A< <- „ 02 ~ -~ - - o - ^ ~CK 

sxnq a oaxt re of the ,»&aC< l ~-. 

"construct «as assembled as described shove ^ 
>s vxen 3SiX and ace..:, go.! psrafiea and *.g.tu- 

10 into poM»lFafo D1.3 restricted with Sill ana NotI , roe 
ligst on mixture wa 

cells* Hiiwrcy-s re o » sea -into 

sodas in maeroaaitre slate wails, grown to mid- .log pease 
at 30 *G and then e:aorossion of the Fab aas moused oy 
f followed by growing tor 

4 hours at 37 S C. she ninety-six clones were then 
screened for anti-Hh-D activity as 

b. assemble of Jissn Fobs Jb-osa a__nolycional ilX:h±i & 

rc ;,, , . 

an ^ r-e v ic" peripheral blood lymphocytes i PBas) 

from" a Rh~D neaatxve donor immunized with Hh~D positive 
red blood s . The cells were plated at_ a 
ooncentraaion ar approximately 10 b ceils per weal. 
Positive wells were identified by screening the celas 

25 harvested and then subclone* once.. Typing of tee weal 
indicat* < that an ;-iambde ani 

At this stage, total SNA was prepared ires approximately 

1C 6 cells. * First strand. synt 

described above using the < rimers UilgC i 

30 HuCLFOR. Primary PCRs were performed for the vS~UU 
usina a mature of the 5 KuVKEACKa primers and HulgGl-4 
CG1FOR and for the V aamsds-C lambda using a mixture or 
the 7 Huv back primers end HuC FOR. Restrxction, 
clonina and screening proceeded as described. To 

35 determine the diversity of the clones, the VH ana v< 
lambda caries of 15 clones were PGR 3mpiafaa.es ressxacaee 
with the frequent cutting restriction enzyme BstNl ana 

e.J «ee example 20). 
k a aa v :: o a ana: ,;. - Rh - D — . * : ana ^ - * - 

40 speci f ic'itvT A "5% {vol /vol) suspension ax either ah~D 
-aaaaa a; e ^ B2 R2; ar *h-B negative Car; erythrocyte 
. . aaao aa; fared saline (PBS, pH 7 .3 ) ^ J< i u ' n 
with a papain solve son for 10 "in a*. 3" C. the 
. -cur re » i ree times in PBS and a 1% 

~ arcay~as was a.a Ft 

suop . , bovine serum aloumxn 

iftg, al of a pa x ocyt 

susDSftsion and* 50ui of phage supernatant were placed in 

tits i ths 

50 f ilTt-rci ■) ^ a t e am 

After 15 min ineuoaticn at 3?*C 100 ui of PRS SSA was 
added to each well. the plates were cenrrxfugea at 20e e 
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far I min and. the supernatant was discarded. The 
erythrocytes were rasuspended in the remaining PBS/BSA 
and the Fab fragments ware cross! inked by addition of 
the '.:i 'c;r\ onai antibody { Sou! a 1 uq/srd .cuun in 
5 PBS/BSA } directed against the myc peptide tag Ware. 
E„S.». et al» , Nature 1989. supra), The plates were 
placed at room temperature { RT) until sedimentation had 
occurred* Agglutination of erthreeytes oaused a diffuse 
button of erythrocytes and the results were evaluated 

ID macroscopic-ally, Specificity was confirmed with a 
standard prepapainiz&d {as above) panel of 9 erythrocyte 
suspensions in PBS (all suspensions blood group 0, 4 D 
positive and 5 D negative) known to have homozygous 
expression of all the clinically relevant r: j 

15 blood group alloantigens The number of copies of the D 
antigen on the 0 positive cells varied between 10,000 and 
20,000 per erythrocyte depending on the Rh genotype. 
Briefly, SO ul phage supernatant in PBS supplemented with 
2% (vol/vol) skimmed milk was ml&ed with 50 ui of a 2% 

20 erythrocyte suspension in PBS in glass tubes and 
incubated for IS min at 37 "C< After one wash with 
PBS/bsa the erythrocytes were pelleted and resuspanded in 

i t Chain {Sigma L9527, 
diluted 1.40 in PBS/BSA) » The tubes were centrifugad for 

25 I min at 200g and agglutination was read 
using "tip and roil* method. 

Results 

30 ' ~ _~ ! A single 

Bind of the corriH iTze ; 7as"*"o b t a In a d after 
amplification. Thirty-eight of 96 clones { 401 } screened 
specifically agglutinated Rh~D positive but not Rh.-D 
negative red blood calls. The results demonstrate a high 

35 frequency of successful splicing in the assembly process 
and the potential of this technique for one step cloning 
of huiaa 

cell l3»ne J ttCh j ; ' 'An. 
40 i „e:» unj i 

different light chains families were present* Five anti- 
Rh-B specific, clones were identified out of 95 screened « 
The vh and V \ chains had identical nucleotide sequences 
in each clone and were typical of ant±~Rh-D V~genes 

4§ {unpublished results)* The results demonstrate the 
potential of this technique to assemble,, clone and 
isolate human antibody fragments from polyclonal cell 
populations (see also section on isolation of specific 
binding activities from an ' unimmunired f human library 

50 i, examples 42 and 43 } * 
Example •> 1 

Seli.ecT;io:;: L?..!Ei^f AcS r: •:ni n '. 4 '?. r ? F?iD nraonent 
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directed again st t he Rhesus^R^rrtd 

"'" ~~ ~"~ nui:IBer''''of Impc^tsnr t - are * o« 

components "of ceil surface membranes, i.e. they are ceil 
~ t r T n hes« ide fume peci t ml ?ens 

- red and wait 2 csi ace an - asm 

instances,, it would be important to isolate antlJ3exSa.es 

v rectos 
rosiest the rhesus- L- i Rh-D } antigen on red blood cells 
are used both diaancstlc&ily and t cully. Many 

of these antigens are difficult to purify and some, rxke 
Rh-D , are not biologically active when isolated iron one 
membrane. Thus, it would be useful to be able to 
axfinltv ourifv antibody fragments displayeo on the 
surface" of bacteriophage directly on ceil surface 
antiaens. To test the feasibility of atiinxty 
ourification on ceil surface antigens, the ansx~Rb«D 
human monoclonal antibody Fog~B was displayed as a Rao 
fragment on the surface of bacteriophage ion The 
displayed Foe~B Fab fragment hound antigen, as determineu 
bv agglutination assav and could be aid pus ~ a o 

rn-a r'ssis of its binding on the surface of Rh-D posrtxve 
red blood cells but not Hh~D negative red blood ceils. 
Materials and Methods 

Construction of a clone encoding an anti.»«h~s ran 
fragment in phag»mid pHEHI and display of the Fab 
fragment on the surface of bacteriophage fd« 

The human hybridoma Fog~B has been previously 
described {K,C. Hughes- Jones ai Jieche* 2b S 3 

(1990). It: produces an igG-I/lambda antibody union nous 
the Rh-D antigen. BRA was prepared from 10' hyorrdoma 
cells usinc a modified method of Cathaia (as eeecrioeo 
in examoie 14) and 1st strand cMA synthesxzeti using 
specific immunoglobulin heavy ana light chain primers 
luVHIFO sample 40" and HuC FOR (5* 3? RTT AT all) 
AAG ATT CTS TAG GGG CCA C-3 5 5 as described in example 
14. The VR gene was subse < rem an 

aliquot of the 1st strand cDNA using H u V H 4 a BACK ago 
RuVRiFOR. The VX gene was amplified using a VA primer 
specific for FOO-B f VA Fco-B , 5 ' - ARC CAG CCA TGG CC ACT 
l; r , T( , T WA CGcf AGC C-3'-, The FCR conditions were as 
^ 0 ^ x v C" -r, c ota >»r» ^1 en 

bv runnino Sul on a 2% agarose gel. The remainder was 

) he* * ith phono nhlor 

ethane 't prsciostated and resusoendaa in SQui of RAO. The 
IRA 1 ^ses t st C I end 

, o „ -c* :>R The 

frsamenrs ware pu d.: 5 on 1 - soarose ^a , xtracted 
using Geneciean... and sequentially ixgatsd into one 
whml? agression vector oJM~l Fab Pi. 3 (Fig 48). 
awn-?. . n.e wo insert were inxriaiiy 

ifie restriotic alysis and rifled 
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et v,,r;.s^ sclera ab ?ee »fs«\i,„* 23 rt .nduntxon 
conditions). The Fog -8 Fab cassette was amplified from 
pJH~I by POP using K u V H4 BACK ~ S i 1 and Ku C,\~Not, digested 
;:he appropriate restriction enzymes and ligated into 
5 pHENX . Clones containing the correct insert were 
identified initially bv restriction analysis and 
subsequently by assay (see example 25 for induction 
conditions 

Assay for soluble Pog-S Fab fragment and chaos 

10 displayed Fog -8 Fab fragment lor anci~Kh~P activity and 
documentation of specificity. 

Assay of the soluble, expressed Fab -was performed on 
unconeentrated S«coii supernatant.. Assay of Foe~B 
displayed ■> * c o, t <n.r; ace was performed cn pnsqo 

15 that had been concentrated 10 fold bv PEG ores ■.citation 
and then ressuspended in PBS, the assays for act 
specificity are as described in example* 

Ceil, surface affinity purification of oeaae 
displaying Fog -8 amri~Rh~B Fab fragment 

- ;0 Purified Fog-8 phage was mixed with purified chaos 

Fd-Tet CAT-X displaying the anti-lysoaymc scFv Hi 1 3 
(pAbDl.3) in a ratio of approximately 1 Fog-8? §G 
sc**vpi,3. Prepapalaiswad erythrocytes ( OR2R2 f Rhesus 
positive! or Orr [Rhesus negative] } ware suspended in PBS 

25 supplemented with 2% sklsnm«d milk powder in a 
concentration of 4x10? /ml. One ml of this suspension was 
mixed with 10 Ai phage suspended in 2 ml of PES 
supplemented with 2% skimmed milk and incubated for 30 
min at room temperature under continuous rotation. The 

30 erythrocytes were washed three times with an excess of 
ice-cold PBS (10 ml per wash 5 and su 

The phage were ©luted from the cells by resuspendino in 
200 \il of 76 mM citric acid pH 2.8 in PBS for 1 min. The 
N toileted by centrif ugation for X min at 
2 5 m ma the q tn-> elated orage 

was neutralized by adding 200 pi of 240 cm Tris-base. 

ibumin 

Serial dilutions of the einate was used co infect TGI 
cells, Fog-B Fab phage were selected on ampioillin 
40 plates and scFvDI . 3 phage on tetracycline plates and the 
titre of each determined prior to selection., after 
selection on rhesus-D negative calls and after selection 
on rnesus-D positive cells, 
aesuits 

4 » Pog-S Fab fragment displayed on the surface of the 

pnage derived free the phagensid pBEN clone soecificallv 
- * < - a eaative 

red hi ecu ceils- Affinity purification of the FcxA Fab 
phacercid on Rh-o positive red hiooc; ceils resulted m an 

SO iu r50 to 1500 1 Foq-8 Pah; cFv 1 * 

wnereas purification on Rh-D negative red oiood calls 
demonstraraa essentially no enrichment (10 fold 5 . 
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TITHE R&TXO 
Fog-B Fab scFvDl.3 F©g~B FAb/scFvOl.3 

1.0 x 10 8 5.0 x XOf ItSO 
2-0 x 10 4 1«Q x XQ 5 1*5 

6.0 X XO 6 4,0 k I0 3 lSOQsI 



Example 42 A FCR Sasad Technique for One Ste p Cloning of 

Assembly of human scFv is similar to the assembly at 
pi® *4. So develop t -o 

X5 atoning of human V genes it was necessary to design a new 
range of human specific oligonucleotide primers (table 
10)'," The use of These primers for the generation of 
human Fan.-" Ik described in example 40, The assembly of 
human scFvs is essentially the same but requires a set of 

20 F0RW, & RP primers e^ y to he 

VH, vk. and v lambda genes, (For Fans : WAi 
complementary to the constant region are used ♦ } The J 
segment specific primers were designed based on the 
published JH, 3K and J lambda sequences (Rabat, K.A. et 

23 Si, Sequences of Proteins of immunological interest, 4th 
Edition. US Department of Health and Human Services. 
198? ) , 

in addition, a different linker is n« 
than tot Fahs so for human scFvs a new set of primers was 
30 needed to prepare the linker, S?ri ntary to 

the m forward primers and the VK and V lambda back 
primers were synthesized t.o permit generation of linker 
^ " of a plasmid template containing 

» - rai>-.t <" ~~ J9». in ensure adecuare 
* . \., the primers were extended into the actual 

linker neocenes. Using these primers to make the scFv 
linker OKA, 52 separate PCE reactions were performed 
using each of the 4 reverse JH primers in combination 
with each of the 13 revere- ^ and ; 
40 oligonucleotides . The template was approximately lug of 
P SW2scB1.3 (Ward, E.S- 1989 supra) containing the short 
peptide f 01y4Ser )3 (Huston, J.S. et al. , Gene 1989. 
77; 61 } 

. ■ g < c < ~.c a s f. ' ^ assembly Of a hu:>j 2 7 V L 

45 library' 

~~~ This example describes the generation ox a numan 
library of scFvs made from an unimmuniced human: 

500ml of blood , containing approximately 10" B~ 
sells, was obtained from a healthy volunteer blood donor, 
50 The onite ceils were seperared on Ficoli and **HA was 
prepared as described in example 14, 

Twenty oercent of the RNA, containing the generic 



5 Prior to selection 
Selection on Rh-D 
negative cells 
Selection on Rh-D 
positive cells 
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material from approximately 2 x 10 y B-ceiis. was used for 
cDN« preparation as described _ example 40, Heavy 
Chains originating from IgG and IgM antibodies were kept 
eparats by prim * L wil ther an laG 

3 specific prxaar { Hu I oG I -iCBiFOR ) or an IqM specific 
primer ( HulgMFQR ) . Aliqeots of the cDNA was used to 
generate four separate scFv libraries ( IgG~x , IgG- lambda, 
IgM-K and XgM~iambd&) as described in example 40. The 
resulting libraries were purified on 1.5% agarose, 
10 electroeiuted and ethanoi precipitated. For subsequent; 
cloning., the K and lambda libraries were combined giving 
separate IgG and IgM libraries, 

dipping,, of t:he li brary J The purified scFv fragments i l~ 
4ug) were digested with the restriction enzymes Not I and 

15 either Sfii or Ncol . After digestion, the fragments were 
extracted with phenol /chloroform, ethane- orecipitated » 
The digested fragments were ligated into either Sibil -Not I 
or Ncol -Not I digested, agarose gel electrophoresis 
N.$ bug $ usee exampl I 00 pi 

10 ox X 000 0 M 4 SNA Uaasc \ 

Bio labs } overnight at room temperature- The ligation mix 
was purified by phenol extraction and ethanol 
precipitated, The ligated DMA was resuspended in 10 pi 
of water , a ad 2 , 5 ul samples were r sd into 

25 E.coli TGI (SO pi). Cells were grown in 1 mi SOC for i 
hr and then plated on 2 x. TY medium with X00 uc/mi 
ampiclUin and 1% glucose (mp~QW.l, in 243 x 243 mm 
dishes (Nunc). after overnight growth colonies were 
scraped off the pistes into ID mi 2 % Ti containing AMP- 

30 GUI and 15% glycerol for storage at ~?0*C as a library 
stock . 

Cloning into Sfll-Notl and Neoi-MotX digested pHEMX 
yielded libraries of 10' and 2 x 10 / clones respectively 
for the IgM libraries and approximately 5 x 10' clones 
35 for each of the two IgG libraries. 

^ ->;r a . b r ary 

" < ! hi -san 

40 antibody libraries displayed on the stir face of phage 
should prove even sacra important than isolation of 
binding activities ;:roo murine libraries. This is 
because the standard way of generating antibodies via 
\ v x theology has \at ha< < scess ill ma 

4.5 antibodies that has been achieved with mouse ♦ While in 
some instances it will be possible to make libraries from 
immunised humans, in many oases., it will not prove 
possible to immunise due to toxicity or lack of 
availability of an appropriate immunogen or etnicsl 

30 considerations. Alternatively, ::nu:o tivities could 
he isolated from libraries mads from individuals with 
diseases in which therapeutic antibodies are generated, by 



the immune rssoonse. However,, in aany cases , the 
antibody crsaucino calls will he located in the spleen 
v not \„ . t. in the circulating pool, o:: peripheral 
Kiond Ivophocvtas (the most easily accessible material 
5 ass ibi cs ° ' iisesses 

associated with immunosuppression , therapeutic antifcoea.es 
cay not be produced. 

An alternative encroach would he to isolate benexng 
ties v lib a torn mil nee - 2 d 

10 individual. This approach is cased on estimates teat a 
oriasary reoertoire of 10' different antibodies is ixkely 

area £ * topes Wit j 

constant of 1Q D M" 1 or better. (Pewrelson, A.S, unnunox. 
Bev, ( 1989 > 110x5). While mis cay not produce nigh 
15 affinity antibodies, affinity could be boosted^ by 
mutation of the V~gan.es i i sis % r sola tea Vh 

domain in a hierarchical approach ^ ~ library of Light 
chains i or vice versa ) . i actio w< lemons trace 

trw " * >. - - t ~*cr ~v i v > 

20 and con bindl.no activities against, tnree ox Iterant 
antigens from a library of serve from an uniwun-sed 
human. 

Materials ead Methods 

The generation of the human scfv library used tor 
25 the isolation of binding activities described in this 
asamoie is detailed in example 42, 

S sti :se t 1 cn of * 1 1 : sbcl s „a„ ^ 

Ixfcrarris: Recombinant clones were screened before ana 
* \ ~ s LM83 

30 (which sits 5* of the pelB leader e and is 

identical to the reverse sequencing primer (-4.0 m ox 

t 11 ma : i-SEQl ; see example followed by digestion 

uif.no ans t* 4b 

clones iron each unseiaocad library indicates that ebb o.t 
35 the clones ecu inset one the 1 t 

extremely diverse as judged by the Bet HI restriction 

cattere . 

, ^ _ Phaaess id lib raries _/> 1 " - ~«- ' t v. 

a " i s rartio'ies room the Library, ICO > 1 a 
40 t aarea - . no ^?-GlU ( see example 42) was inoculates 
with 10 9 bacteria taken from the library (prepared in 
example 42) (appro*. 10 pi ; ana crown for 1.5 hr,. shaking 
Ls eer* pin -awn ( ISC- centrifuge, 4 K, 15 
v a ^ <c v^-r-eo TV 

4 5 AM? (see example 415 oediem, 2 x 10 xU piu of VCS-M13 
(Stratacene? particles aided and nenbated 0 r a at 1" 
<ing were >^ nsf erred to a 00 .1 2 

\ . 5a*n -5 

ag/ml) ; Ai'lP-KAP: . and grown overnight, while snaking at 
50 3?»c. Phage particles were purified and concentrated by 
three PSG-orecipitations ipse aacarials and methods) ana 
hsusee a < - BS - ~ mi amp ; 11 in resrs^snt 
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clones i > 

' „ -I™ ' ~ ^ x binders b v selection on_^ubeso 

For enrichment: , a 75 x 12 ""Tins < ~ - - - \ o . 
Cat. V _ - * ^- -v-c; /~un i -a, :k:7»A : -a . 

5 14 phOx per SSA in 50 ®M NaHCOS pH 9.6 buffer) overnight 
at roam temperature. After washing three tines wxth PBS , 
the rube was incubated for 2 hr at 27*0 with PBS 
containing 2% Marvel (2% HPBS } for biockino , Fciiowina 
three PBS washes, phagamid particles ■ 10 — TU) in i ml of 

10 2% MPSS wars added, incubated 30 min at room temperature 
on a rotating turntable and left tor a further 1,5 hours. 
Tubes were then washed with 20 washes of PBS , 0,1% Tween 
20 and 20 washes PBS < each washing step was performed by 
pouring buffer in mo out iismadiats 

15 particles were eluted from the tube by adding 1 nil 100 oM 
trie thyl amine pH 11.5 and rotating for 15 min, the 
elured material was immediately neutralised by adding 0,5 
ml 1.0 M Tria-HCl. ,. oH 7*4 and vortexed. Phase was stored 
at 4?C. 

«0 Slated phage {in 1.5 mi) was used to infect S ml 

iogeritbjsie growing S,coli TGI ceils in 15-rai 2 % TY 
medium, and plated on AMP~GLU plates as above yielding on 
average 10''' phage infected colonies. 

For selection of phQxiB&h binders, the rescue-tube 

25 enrichment -plating cycle was repeated 4 tisee, after 
which pbagemxd clones were analysed for binding by elisa, 

'2I±SM « - ' - . " ' lii 

i ^ . 35 K 10 i , s .s 

culture dish! was used for enrichment by panning. During 
30 all steps, the plates were rooked on an A600 rocking 
plate ( Raven Scientific). Plates were coated ouernicht 
with 1 ml turkey egg white lysozyrae (3 mg/mi) in 50 m 
sodium hydrogen carbonate { pH 9 , 6 ) , washed three times 
with 3 ml PBS, and blocked with 2 mi 2% MPBS at room 
15 temperature for n 2 hours. After three PBS washes 
app.c cuiaay : a > vp^c 

s, and iaft roo i s ( 

temperature.. Plates were washed fox- 5 mxn with 2 ml of 
- * loilovonp solutions; 5 tioes PBS. PSO-Tween 0.22* 
40 Tween~20), 50 mM Tris-KCI ; pH 7,5; * 500 m NaCI, 50 m 
Tris-HCi ; pB 8.5) - 500 mM NaCl , 500 mM Tris-HCl { pH 9,5) 

ix ga ar donate 
~-e. i* ancm-; 

i Tit 10* n a rockin 03 In 

45 oerorr . „ > - , , , , . as 

bov« n s<> i j t i> > i ^ * c r m€~ 

Sepharose joiumne wore used fro affinity purification 
(HcCaf ferry f 1 . . at ai . , Nature 1990, 348; 552) Columns 
were \ , 

50 PB ma a 0— 1 1 2% HPBS abacs fteu 

cashing wash 50 ml PBS. 10 ml PBS- Tween j PBS * 0,021 
Tween-20 ) , 5 mi of 20 m Tris»BC2 ( oB 7.5} - 500 mM NaCI, 



5 tm Tris-HCl 9pH 8.5) * 500 m NaCI, 5ml of SO J8M Tris- 
HCX (pH 9,5) * S0O tm MaCl and finally 5- ml of 50 m 
sodium hydrogen carbonate pH 9,6, Bound , ;as ©luted 

using 1.5 ml" 1.00 mM tri ethyl amine and neutralised with 1 
5 H Tris-HCl ( pH 7.4), 

For selection of turkey egg white iysozyme binders, 
the rescue* tube enrichment -plating cycle or rescue- 
coXumn~plating cycle wee repeated 4 times, after which 
p^acem.id c 

10 Rescue of Individual phagemid clones for SLXSA; Clones 
riiuTrTnf iron ""reinfected and plated phage particles 
elated after 4 rounds of enrichment, worn inoculated into 
150 ul of -2 x Tt-mP-GteS in 96~weil plates (ceil wells, 
Nunelon). crown with shaking £250rpm) overnight at 37 'C. 

IS A 96-well plate replicator < 'plunger' ) was used to 
inoculate approximately 4 pi of the overni ures on 

the master plate inro 200 pi fresi - 3 > After 

1 hr, 50 ul 2 k TY-amp-GLU containing 1G*> pfn of VCS-M13 
was added to each well, and the plate incubated at 3?*C 

20 for 45 mift, followed by shaking the plate at 3? S C far 1 
hr. Glucose was then removed by spinning down the ceils 
(4K, 15 mtn). and aspirating the supernatant with a drawn 
out glass pastaur pipet. Ceils ware re d in 200 

pi 2~x TST-AMP-KAN ( Kanamycin SO ug/ml } and grown 20 hr f 

25 shaking 3?*C« Unconcentratad supernatant containing 
phaoe was taken for analysis by EbXSA. 
SL1SA 

Analysis for binding to phQxjBSA, SSA or lysozyma was 
performed by B0.ISA (see example 9), with 100 uo v 

30 phQx;BSA or BSA, or 3 mg/ml turkey egg white lyaosyme 
used for coating. ^termination of cross reactivity to 
unrelated antigens with the isolated clones was also 
determined by BL1SA on pistes coated with 100 ug/el of an 
xr relevant antigen (keyhole. Xiasget haemocyanin (KIM) f 

35 ovalbumin ~nymotrvpsxr.oga , ay toe i i built 

GAP- OK {giyesraldehyde~3~pho8phate dehydrogenase ) , or 
Inhibitor ) . 

Characterization of SLISA positive clones : All antigen 
rpe- , - "too were c beesec to: v. 

40 reactivity against a panel of irrelevant antigens as 
described above. The diversity of the clones was 
determined by PCB screening as described above and at 
,, s sen tr ~~ a 1 ' were 

seouenced bv the dideoxy chain termination method. 

45 

Results 

I splat ron a" 

After 4 rounds of selection, ELISA-posi tiva clones were 
isolated for wnOx.BSA. All clones originated from the 
50 IgM library. Of 3 6 clones analysed, 43 clones were 
binding to "both nhOxjBSA and BSA , with CDs ranging from 
0.4 to 1.3 { background 0.125). These clones are 
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oesxynatea as Sb& dinners* The binding to SSA seemed to 

va fcusian, ;r - roiae 1, lysozyrae 

thyroglobuiin . gap~dh, or trypsin inhibitor, ail ssa 
:.:ii-:d ins ciDnes cad : ae same PstNI restriction partem, 
ana x4 clones were completely sequenced. Thirteen of the 
fourteen clones baa the same sequence. the vk was derived 
from a human VH3 family gene and the VL from a htunari V 
lambda 3 family cane ( Table 1), The other BSA hinder was 
aerxved trom a ax.se r; VH 4 family gene and a human Vkl 
family gene (data not shown?. 

One clone was isolated which bound to phOx;SSA only 



ana 



XO it; p.; 



completely by adding 0.Q2 m 4~€~amino~capro.xc acid 
methylene 2 - phenyl -gxs sol ■■ 5 -one iehQa-CAP? as a 
competitor, also no binding above baekorcund could b*» 
detected to the panel of irrelevant orotexns described 
anove. The sequence revealed a VH derived from a human 
VHi family gene and a VI. derived from a human V lamhds 1 
family gene (Table if}. 

Isoxasloa » . - -c - .„ . a- <. 

After 4 roun 

ware isolated for turkey lysoryme. The malority of the 
clones, greater char; 95%, were from the IoM Liar arc. *he 
binding to iysosyse seemed to be specific, since none of 
the clones analysed gave a signal above background when 
used i,n an SL2 SA w th KIM ovale unln 



cosa 



tryps 



, p - < rmaino _a-o a ~ =s < o aiffr.ont 

as-tN > s«3 zxlon itA rns md ; @a! t : hlonas from 

•. The 

sequences trall-oared the presence of 4 undone huwan VH-VL 

coscinarions. (Table 11), 

Conclusion 

b," :eoa. is indicate that antigen binding activities 
s**- Dires at scFvs nre? *re rom 

IgM cDNA from human volunteers that have not been 
s pec i •: i a r ! 1 y i m un x zed . 
I -- -4 

~ N r <■ on 

*~ " *~ " 

e--s the rescuu or -ens isicn 
from a hu;san library using a helper- ansae with s acne 3 
deletion. 

100 pi of bacterial stock of the IgM obaoemib 
e =P am; > v nontsxnxnq 

' ., - = hiTY 

medium containing lOGpg/mi ampicillin, 1% siecose 
f TY/Amp/Gia • . This was grown ar 37 9 C for 1.5 hours, 10 
mis of this culture was added to 90 sis of urewarmed 
®P/$ f tio a our. i laina 



124 

200 fold concentrate ox KQ7 helper phage lacking gene 3 
v k ;\p 0 axaco ~* and nou -ax 

at 37'C ui.thout sha* g retaratjon t c x Till 
ta& is desc bed in sample 34. After tentrifu 
, . ores ;e aaer J 3 w« re - 
100 'nlF or : TV medlars containing 5.00 ug/aU 
assoiciiiin (with no aiucosen Titration of the culture 
at" this ooint revealed chat mere wore 1 - 3x10° in seated 

p ates 

10 containing bote amproiliin C lOOpg/ml } ana xenassycxn 
fSOpQ/Hii). incubation was continued tor naux wj.tn 

taxing before transierrinq to 2.5 litres c.o tit raeaiuss 

containing 100 jig /ml aspic.il 1 in , SOug/lni kanamycxn, 
contained in five 2,5 litre flasks. This culture was 
lacs t rted for 16 hours I \ >ared by 

:sn tr^ tie 1 ) ares it 10,000 r,p.sn in a 

".-rva" ! J prtn centrifuge at 4"C;, Phase particles were 

«i - . , x, ' - - \ " e vH 

glycol, 2 „ 5 ' M- Nad , standing at 4"C for 30 minutes ana 
tn ; e " nTr /fpn^ nc as shove. The resulting pellet was 
\ 40sils of Qtm irx„ O.XtsM * and 
moved atrixuga i hove The 

uara on Ute then re y >: ecu nx.ra t ed 
0 j e at ^ e Osiris c M Tin 

r =c > * The litre of this preparation was 

4>lxl0 13 transducing units /ml C ampieililn resistance). 

Tubes coated with GX-BSA were prepared as oescrxbad 
in example 45 for panning the phagemid library frost 
ex.a5sn.le 42. The ary w 

30 - " ~ 

were as tat sg/el t i xn xn 

OmM NaHCC t ?"C overnight, lubes 

wxtn PBS contasning 2% milk powder cFBS/.M! ana xncuoateo 

"5 of 25Grals of culture supernatant 5 mixes wxth 3racs of 
PBS M for 3 hours. Washing, elation, neu trait set ion and 
infection were as described in example 45. 

... 

The firsF"" round" of panning against OX-BSA yretdeC 

so 2,8x10° enaoe. A large bacterial plate wxth 1.4x10 

o i or* t'h" 10 id; 
of IsixTY , 20% nivoerol, shaken for 10 minutes, aiiquotea 
and stored. This was alec used to inoculate a tresn 
culture for rescue with Mi3KD7gIlI No. 3. ( Bacteria ana 
4 5 rescued oheqe derived fron first round panning agamst 
KX-KSA are named OXPAtfl. Bacteria or rescued pnage 
derivsc rot? t sand panning s a mm 

QXPml ana QXP&U?- respectively i Rescue en: phaceoxd with 
M13K07cI.il do, 3 after each round of panning was 
zr. 3 S8J 3 as de ox rt usxag > -lust* 

-he .ct.tt.iai cultures in TV.' lap / Gls . using xrsi of to. • oat 
'.race ute xaosrtrrtnt " : fnd s of 2xT7 eeaxusi 
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containing LQQng/ml aaipicillin. 5 0 u g / -ni kanamycln. 
Second and third round panning steps wire as described 
above for the first: round, bur using unis of .100 

fold concent raced phage i the equivalent of 80-100 mis of 
2 culture supernatant;, :;he aiuate from -cue second round 
panning contained 8x10° infectious particles and one 
aluara from she third round panning contained 3.3*ciO y 
intentions particles. 
Panning aqal not tbyroglobuf in 
10 *he firir\. round "pannine against ihyronic.uu.Lin 

yielded 2,02.110- infectious; particles, Half' of the 
eluate was used to generate LhhSnlO 0 bacterial colonics 
on a large plate. These colonies were scraped into 1 Oasis 
of 2>rTY,. 201; glycerol, shaken for 10 minutes, all qua tad 
IS and stored. These bacteria and rescued ohace derived 
from them are termed THYPAN1 , and used to inoculate a 
fresh culture for rescue with M13K07<*III No. 3 to oive a 
polyclonal rescued phage preparation. Material similarly 
derived from second and third round panniogs are termed 
20 THYFAN2 and THYPAN3 respectively. Second and their round 
gainings with thyrogiobuiio were as described for second 
and third round OX-BSA panning. The siuata from the 
second round panning cocoa anon _ - o. . . , ;n 

and .the eluate from the third round panning contained 
25 .6x20-' infectious particles. 

3fhi§^..Ji^^ bvj^mijic 

40 COionie v - \ it ; on; : : q 

against thyrogiohuiin i THYPAN3 ) were picked into a 96 
well state ano grown overnight at 3? :> C in 200ui of 
~° " > N ^ J - c as and 48 

colonies from three rounds of panning ace mat ax-BSA were 
grown ;0X--PAH2 and 0X-F&N3 } , Polyclonal onage were 
tree-area at the same time. Meat day 5ui from each 
culture was transferred to IGOp.I of fresh prewarmed 
VY/hmx t >vn ;or 1,5 hours and Mi3KO?gl.li ho, 3 added 

! ' 2 a 10 D infectious phage per well in lOOui of 
TY/Amp/Glu ) . these were incubated for 1 hour at 37 *C 
without shaking, centrifuged at 4,000 r.p.m. for 10 
minutes, resuspended in ISOui of 2xTY medium containing 
40 iOOug.oi ampiciiiin ano i.ncuoateo for a furtner hour with 
sakiog s doing dais of medium containing 

i naawcar or ove igh 

grower, r.he oui rates ware centrifuged at 4,000 r.p.m. fox- 
es an perna™ ie s 
45 used to screen THYFAN3 clones were coated at 3?*C 

hyrooiohui 1 > ,h~ 4 

i* . -la-«« ~ .irihi ,n-, ^v^ ,c v. 

c , 3 XH cf-ESA 5 at J? 

~-Cul 1 i:t c » * i\? , > of 

50 5x ?SS, 10% no. lb powder and incubated at rooRS temperature 
!o; 1 hours st roc t 3 < „ > 

as describee in example 18. 
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For thvrogiobuiin, 13 out or 40 clones were positive 
(0.3-2,0 0~.d/ after 30 sninutss ) - (A phage control 
(vector OCAT35 gave s reading of 0.07 O.D.). In 
addition itives were en on to i 

po.aoe N a xx 

(0,189 0-12,) compared with phage derived from the 

polyclonal phage were PEG precipitated and used at a 10 
t ^ -on. 

PCR reactions am Nidi w » 
the positive clones as described above and sis cificren* 
patterns of BNA fragments were obtained snowing that at 
least: sis different' clones had been isolated. 

For OX-BSA after two rounds cf panning., 30 of 4B 
clones were positive by ELISA and after three rounds , 42 
of 48 were positive. In a separate experiment, positive 
signal was obtained tree the polyclonal phage 
preparations 0XPAN1 (0.988 OD) and OXPAN2 (1.717 OD) 
compared with phage derived from the original non- panned 

naqeoid library (0,186 OiD. } after 30 minutes. 
Specificity qf^jpyypnes for t.rc:c c , 

Selecred clones Ui ant i- thyxoglobuiXn , 5 anti -OX- 
BSA} representing each of the different BstNl restriction 
dioest patterns were assayed for binding to a panel of 
irrelevant antiaens . EL ISA plates were coated with 
antiaen (100 ul/ml in 50 vm NaHCQ3 , pH 9-6} by overnight 
incubation at 37 *C. The panel of antigens consisted of 
kevhoie limpet haemoeyanin, hen egg lysozyma, bovine 

llbUR! ~ 

trypsin inhibitor, GAP -0*1 i gJ > 

oebydrcaenase s , bovine thyroglobuiin end crazc.Lone- dOA . 

ipli acpd mat I - 20 pi 5 x 

PBS . 10% silk powder) were added to each antigen and 
incubated for l hour at room temperature. the ELISA was 
carried out as described in example 18. 

Each of the thy r ooionui in specific: clones (11 from 
113 * bnlin (OD 0.12 - 0.76) out 

after SO creates shewed no binding {OD<0.03 } to any of 
the 9 irrelevant antigens, Similarly of the 5 OX-BSA 
specific clones 3 had an OD 0.07 - 0.52 compared to CDs < 
0'i02 for the irrelevant a nr. onus. None of the 5 clones 
had any binding to BSA alone- 

Thus positive clones can ba isolated after only two 
rounds of panning by rescuing with M.t3K0?gXXX No. 3. In 
^ _ . ^ ^* <t as ceioui 

of <n chase cc with core than one intact 

antibody molecule. This will potentially increase the 
avidity oi phage-antieodias and may enable isolate on of 
nes - t ' finit 

isemcie_4 5 : Alteration oyp_y ine :ppcc^;^:p: ; , ; ^ ; p; py ,py ; p^ : 

disci ay e d ""on ; cJiel™^^ 95 
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The ru: antibody bines hen sag ivsozvrne ; K3L > 
with an affi.ru.ty constant ot 4.5 ;, ■' , ~v--~ whereas it 
funds., turke> egg lysczyrce T£[ with an sffinitv of. 
— N v ~ au: -r i i- < sa tl v 24 

c - 1986 cience 233 p?4 

It has beers suggested chat: "This is sacause the 
glntamine residue present at position 121 of H EL • qlnl£l ) 
is reprssentated hy his tidies residue ar she same 
position in TEL. Thus mutaoantsina the 31. 3 antibody 
" 1 ' ! < - sc av iaci lit ate 

binding to TEL. 

According to Asilt et ai, supra, tyrosine at amino 
scxd position 32, phenylalanine as position 91 and 
tryptophan at position 9?. of the light chain interact 
with gi.nl.21 oi HEL , In addition tyrosine at oositior. 101 
of the heavy chain also interacts. None of these 
residues are predicted to toe involved in determining the 
mxn ahs - " the antibody van sole reasons 

; Chornia nan Leak (198?) Journal of Molecular Itolcqv 
196, p901~917>. 
Mutagen s lT3SCrv0l > 3 

•t„'3,S2 ( wa s s r spared too 
randomise phenylalanine at oositior, 91 3391} and 
- txon 92 <T,92) of the , The 

oligonucleotides rautL32, was preoared to randomise 
tyrosine at light chain position 32 ( L32 ) and the 
oligonucleotides iautHXOl was prepared to randomise 
tyrosine at position 101 of the heavy chain ; K1Q1 i . 
cut 391,92; 

3' CGT CCG AGG AST ACT HNN HNN ATG TTG ACA GTA ATA 3' 
mut L3 2; 

5' CTG ATA CCA TOC TAA NNN ATT GTG ATT ATT CCC 3 ( 
tutH 131; 

~' CCA GTA 3T2 AAG CCT NNN ATC TCT CTC TCT GCC 3* 

• N represents a random insertion of equal amounts of 

A,C,G or T; in vitro mutagenesis of the ohacremid vector, 

nrc xng an in ^ t ^ ;u oueoesis 
kit { Amershsml, The resultant "XA . w n ; . ; ;v 
siectroporation into TGI ceils us mo ? Blo-Rad 
N N " ^ r re obtain* 

?csro this pooi 

was sailed. Di. 3391192, Single etreneed DNA was prepared 
by issco- * e c - < , .~rr- * 1 al. 

1 ~~ -~ v usi ~ 

" kit United Scar.es 

veals 5 the DNA 
' v " v ""3 n; one ^ - i„i 

lour DNA sequencing tracks at the nucleotide sosltions 
encoding , and L9 2. This mutagenised etncia stranded 
DN? - round of nutaoenesrs as 



WO 92/01047 



above using either mutL32 or mutHXQl oligonucleotides. 
Mutagenesis" with mutL32 cave rise to 71,000 clones (pool 
called D1.:HL32) while mutKlQX gave 102, .000 clones (pool 
called D1.3H101 } » These clones were scraped into lamxs 
S of 2xTY/20% glycerol. Single stranded DMA derived from 
each oooi was seauencsd with the oligonucleotides Di . 3L40 
ana LimSEQl respectively,, as described above, and shown 
to be- correctly randomised. 
D1.3L40: 

10 5 1 CAG GAG CTG AGG AGA TTT TCC 3 ! 
LJNKSEQ1: 

5 ' TCC GCC TO A ACC GCC TCC ACC 3 * 

Preparation o ?. rescued _»hage for j^i^vij^|>H^±^ i r^. lon 
^"lO-fOul of " fros each u >< 

15 pool (plate scrapes) was used to inoculate amis of 
TY/Glu/'Asso. All bacterxs 1 growth was at 3?*C. After 2-3 
hours growth, 1ml was diluted in 5m Is of prewarmed 
TY/Glu/Amo and infected by addition of 0,5 mis of a 200 
fold concencrata of the MiSKOTglll Zl No. 3 preparation 

20 described .in example 34. After 1 hour of infection the 
cultures were contributed at 4,000 r.p.m. for 10 ittmro 
rasuspendad in 2xTY, lOOug/ml ampicx.ll.in.. Incubated tor a 
further hour, transferred to 500 mis of 2nTt medium 
containing 100 ug/ml ampicxllin, SO gg/'mi kanasy ... ad 

2S grown for IS hours . The remaining steps of phage 
©reparation were as described in example 44. 
finally dissolved in iOmH Tris, ImM EDTA pB7,4 at 1/ 100th 
the original culture volume. 

-x. . „ " t . I 

30 """" iOmis of tor key egg iysosyma at a : 

lOmg/ol in C.IM NaHCCo . C k aC. rd . . oa - : -<un an 
aqua! volume of swollen Cyanogen Bromide Activated 
Sephatose 4B (Pharmacia), covalentiy linked and washed 
according to manui aetxsrers instructions. Before use this 

35 cat six { TEL-Ssoharose) was washed with LC 
followed ses oi £ < i 

resuspen is : in an equal volume of PBSY and imi was added 
0 -co -'n^n-rato ^ phage in PSSM and 
incubated on a rotating platform for 30 minutes at --com 

40 i x The actual phage us« tt es va 

rreoared , sailing equal volumes of the ind©p#ndeht 
preparations of the three randomised pools <DX«3L9192, 
D1.3H1Q1 and 0U3L32). After this binding step, the 
suspensions were loaded onto a disposable polypropylene 

45 column f Pole- Prep columns, Bio -Bad } and washed with 200 
< m "> ,v::\..'o; - -a 0 Bound phage 

ware elated with imi of lOOmM trlsthy lamina and 
neutralised with O.Soi 1M Iris (pH7.&). A dilution 
series was prepared from the siaa.ee and used to i erect 

SO TGI ceils and placed out on TY plates containing iQOug/ml 
„r,o * 1* o„ — ~re« vzz i approximately 

i0 a colonies were acraosd into 3ml s of 2cTY t 20% glycerol 



w«a a u s >sv a re c late a 

second round culture which was rescued with h*13X0?gXXX/3 
No. 3 as described above ■ usin _ a oi 

lOOmis). Second and third round affinity column 
purification steps were carried our as described aoove 
for the first round, 
: ^ ~ 'lit 

.riivea ires ire u f column 

purification on •TEL-Sepnarose wore picked into a 96 weld 
plate and grown overnight at 3?*C in EQOpl of TY/Amp/Glu. 
Phagemid particles were rescued and oreoarad for SLXSA as 
described in example 18. ELXSA plates were coated 
overnight at: 37 B C with hen egg iysoryme ; HEL ; or turkev 
egg lysornyee (TEL; at a concentration of 200gg/mi in SOmM 
NaHC03 pH9 ♦ 6 ELISAs were carried cut as described in 
example IS. 

After 15 isimites- incubation in substrate, 13 clones 
were round to be negative i QD<Q . 03 on HEL and TEL:. In 
ail positives, a signal of 0.1-0.78 was scored on HEL 
with the exception of one where signal on HEL was 0.078 
nut signal on TEL (OD 0,159} brought it in co the 
positive group. The control phagemid preoaration Lad a 
percentage ratio of signal TBL ; HS1 of 22%, Clones were 
deeded to have an unaltered bindino if the ratio of 
TEL; HEL was less than 40%. § clones fell into this 
category. 18 samples wer& scored as havino altered 
binning with a ratio of signal on TEL ; HE — ear P - 

200%. 

A dilation series was made on 10 clones which were 
analysed by ELXSA in 8 of these clones the arc file of 
binding to HEL was the sag*®- as the original clone 
^ signa.1 with TEL , saseo 
;sae figure 50 clone Bis. la the reoaxninu 4 clones, the 
increased signal wrth TEL was accompanied or a decrease 
in argnai on HEL i see f tenure 50 clone A4 } . 

' p.; ; • pi.yy : ppy : " = ppp.ypp 

^ - -5. Vn - > taxr.ee : ire a": ;o HEL 

i,o varying extents. In order to determine whether a 
soianle antigen could compete with the immobilised 
antioan, a parallel experiment was carried on-::, as above, 
but with the addition of hen egg Ivsoavjrse plmo/ml) to 
TSL-Seph. arose before xncunacinq with the ohaae 
preparation. This experiment was carried tbronoh ~ 3 
rounds of column purification and 40 colonies were 
picked. None of these clones hound HEL or GEL 
.:e cant r rat mu rhac an? col an re ant a nan had seen 
successful in competing cut binding to the inmost 11 sod 
ant i sen, 

"h ry • r ;ai rrr body by 

oib2AEg<Pn^^ VLK D( - ;! ^-cLJi v a ""a Lb TLpTBTv aioved 

LrlidLJcL : f: ; " r :'...-: :: a • " ~ 
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When an antibody specificity Is Isolated it will 
often be desirable to alter some of its properties 
particularly its affinity or specificity. This example 
emo; th Y of an 

- altered fav use of a different VL domain derived torse a 
r-^pe^toite of such domains, rhis method us play on 

chaos would be asoiioanie so improvement of easting 
monoclonal, antibodies as well as antibody specificities 
der^v^d us in a ohaoe antibodies. This example shows that 

10 replacement of * the VL domain of scFvD1.3 specific for Hen 
eqgwhite lysozvme { HEL 5 with a library of VL domains 
allows selection of scFv fragments with bind also to 
Turkey enqwhste lysosyme (TEL). More general ly tnxs 
experimental approach shows that specificities or 

15 mtibc lies can be modified by replacement of a var ranis 
domain and elves a further example of the hierarentenl 
aooroach to isolating antibody specificities. 

The D1.3 haav sin was d from an existing 

construct ( pSWl-VHM - 3 , Ward et ai., 1989 supra; by ?CR 

20 using the primers VH1BACK and vhifor, the light chain 
library was amplified from a cDNA 

hi soieen o* a- which was synthesized 

by using the MJKFONX primers 1,2,4,5 for the first strand 
as in "example 14* The sac 

25 oer formed he same forward primers and the v? 

orxsser. The PCR assembly of the 01,3 heavy o , 1 - 

the light chain library was mediated by the signal chain 
Fv linker as described in example 14. 

Clonino the assembled PCR products ( scFv 

30 was done after an additional PCS step i pull-through) 
using a SACK primer providing an ApaLI site and fowara 
primers which contained a Hot 1 site as described in 
>, , , ,4, ( \n~ . v so 7CK fragments were 

cloned into the similarly digested vector £dCAT2 as in 

35 example U, 5x10- tran s ere htaxned fcter 

eieetroporation of the ligation reaction into MCIQ6I 

"""screening of the phacre library for TEL hinders was 
performed bv panning! Polystyrene Falcon 2058 tubes were 

40 -o ♦ v^tn i i -PBS (3 sag/ml) and 

blocked for 2 hrs with 4 ml 53PB3 (PBS containing 2s 
skimmed milk, powder ) . Phase derived from tee library 
itxIC- 10 transduclHC unites ) in 2 mi of MPBS (2%- were 
incubated in these tubes 

45 The tubes were washed 3s with PBS , Xx with 50 oil Tl.is- 
HCi, OH ?,S, 0,5 M Nail; ix wish 50mM Tris-HCi, pKS.s, 
s * v v -w j v *,a i haofc 

, « „i«r v v amine Eluted pnB^as 

were taken to infect TGI cells, the cells were plated on 

50 2sTY plates containers 15 ug/mi tetracycline and grown 
for 16h, The colonies were scraped into 25mi of 2xTy 
medium and the phages were recovered by FSG 



wo mmmi 



PCT/GB91/01134 



precipitation. After a second round of selection for TEL 
bxnaers JU SAf. wcxr o o 

Analysis of 100 clones from the library before 
affinity selection by ELISA on plates coated with TEL 
5 shewed no binders, In contrast., after two rounds of 
selection for TEL binding phages shout 10% of the chaos 
clones showed positive BLIS? signals. ELXSA signals were 
scored positive with values at least two ford hinder than 
the fdC&?2 vector without insert. A sore "detailed 

10 analysis of binding properties of TEL bind icq phases is 
shown in figure 51. 

As shown in figure Si, saver ai clones were found 
which bind equally to TEL and HSL in contrast to the 
original DI.3 aoFv : . which binds almost easel USivelv to 

15 HEL. None of the clones bound to BSA. These findings 
indicate that the specificity of these seFvs *a 
in comparison to DILI, sine© both lymozyrms (HSL and TEL) 
are recognised, bat specificity for lysocyme was retained 
since other BSA was not recognized. The deduced amine 

20 acid sequences (derived by DNA sequencing } of two light 
chains from clones HFi and M2X, which correspond to 
clones 3 and 9 in :£igfure Si are shown in figure 52 , 

In the case of isolated antibodies the experimental 
approach as described in this study may be particularly 

25 asefnl if recognition of a wider range of different out 
closely related antigen® is desired. For example, 
monoclonal antibodies against viral antigens viral 
antigens like V3 loop of HIV-1 gp!20 are in most cases 
quite specific for one particular virus isolate because 

3D of the variability in this part of the HIV-1 env cane. 
The nodi fi cation oi scon antib 

in this example may lead to antibodies which cross react 
with a wider range of HlV-1 isolates, and would 
therefore be of potentially higner therapeutic or 

35 diagnostic value. 

A similar approach could be taken in which a light 
chain variant- doco-n :.< desired properties is keuf fixed 
and combined with a library of heavy chain variable 
domains. Some heavy chains, for example VKDI.3 retain 

40 binding activity as Single domains . This may allow a 
strategy where VH domains are screened for binding 
activity when expressed on phage and then binding domains 
combined with a library of VL domains for selection of 
sua table light chain partners < 

45 Example 4? 

• ■ ^LilL.T L£..JlELlliliir^ ■ 

- ^ " ^ Res 9LLL^ m LL? aiiow i \t under 

. 

50 " whan a phage antibody binds to its antigen with bleb 
affinity n avidity it may vu be possible - aiute the 
phage antibody from an affinity matrix with a molecule 
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related to the antigen- Alternatively, there snav be no 
Suitable specific ©luting molecule that can be prepared 
in su;:f iciensiy sign concentration- In these cases it :.s 
necessary - *. >> i~ a --t;v^ not specific 

~. to the antigen-antibody complex, Unfortunately, seme of 
-he >n~ pacific ;.iut:ior, asthoss iisrupt peace structure 
for ins tan paace viability is rosacea with tarns at pK12 
(Rossomando, B.F. and Zinder, N.D, J» Hoi. Biol . 3fc dh/~ 
399 1958)- A method was 

10 elation of bound phaoe antibodies under mild conditions 
(reduction of a di thiol group with dichiothreitoi ; wnich 
do not disrupt phage structure. 

Tare-' \ gen s\ i ;tiny.lated using a cisavahie 
b.iotinyiation reagent, BSA < ugale t N s nanyi-5- 

15 oKszo.lo.ne (0. Makeia et al. supra } sas modified using a 
b.iot.inyiation reagent with a eleavahie di. thiol group 
{ stiiphosuceinisidyl 2- { biotinamido ) ethyl - 1,3- 
dithiopropionate from Pierce) according to the 
manufacturers instructions. This bio tiny lated antigen 

20 una bound to streptavidin coated magnetic beads and the 
cbrcolex used to bind phage . 

beads fovnal) were oreeoated with antigen by mixing aSOug 
of hiotinvlated OX-BSA in 1 ml PBS, with iQOui of beads 
for at least 1 hour at room temperature. Free antigen 

25 was removed by washing in PBS. One fortieth of the 
complex equivalent to Spl of beads and an input of 17 » a 
po of 0X-8SA) was added to 0.5ml of phage in PSSM ( PBS 
containing 2% skived milk powder) com tin n 1.9x10*^ 
chape particles mixed at the ratios of phbDl.3 aire, t > 

30 ^ e 2} to pAbKQil directed against 

2 -phenyl- 5-oxasolone (example 11) shown in Table 12. 

After 1 hour of incubation with mixing at room 
temoeratura ,. maanetio beads were recovered using a Dynai 
MPChS eaunatis desperation device. They were i 

35 in PBS containing 0.5? Tween 20 r i 3si0 sonnies, 2x1 hour, 
2k 10 minutes ) and phage eiutsd by 5 minutes incubation 
xn SOu: .^o< hrrc t-L. The eluate 

was used to infect TGi ceils and the resulting colonies 
probed with the oligo NQi 1.C0H3 

40 (5< AAA! :t; M : A0C ) 

derived from CDR3 of the NQ11 antibody (This hybridises 
to pAbN0.ll but not pAb Dl-3). 

A 670 fold enrichment of p Ah NQi 1 {table 12) was 
achieved torn; a oacxorounu of pAhui. 3 :.n a single round 

45 of purification using the equivalent of 17.Sug of 
h ^ c t i "v 1 ax ad 0/ ~8S A - 

This' aiulion prccesure ;o . < cue . « i . ■ J n 
> proc« t i ndi ic ? rrtica a.r 

„:vot cr v s e„ ? ■ u ~ s« uci a nucleotide 

50 so . v ice o acid const a pott ion 

site for cleavage by a highly spec! she protease between 
the foreign gene inserted, in this instance a gene for an 
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antibody fragment,, and the .sequence of the remainder of 
gene III, Examples of such hiqhly specific srorsases are 
Factor X and thrombin. After binding- of the phage to an 
affinity matrix end eiution to remove non-soecifie 
binding phage and week binding phage, the strongly bound 
phage would foe removed by washing the column with 
protease under conditions suitable for digestion at the 
sleavage site, This would eleavf h gme t 

irem the phage particle eluting the phage. These phaae 
would foe expected to be infective .since the onlv oroteeae 
site should be the one specifically introduced/ Stronqiy 

" - r o „n:*— t:n 

S.coii TGI ceils, 

Ugf-.P* del„ to provide an Enrictutd Tool of 

™ * i ~ - 

5h%^S9m^3.±jn m Q.t Keogertoires of "jCn tgobodv Fragment 

- ^fo ™* " ~* 

„ . 'fhere: ere approscimateiy iO^~different combinations 
or neavy and light chains derived from the spleen of an 
immunised souse, if the random combinatorial approach is 
uses to clone heavy and light chain frequents into a 
sxngle vector to display scFv, Fv or Fab fragments on 
phage, it is not a practical proposition to display all 
10 * combinations. One approach, described "in this 
example, to reducing the complexity is to clone oenes 
only rro» antigen selected cells* (An alternative 
approach, which copes with the complexity is the dual 
combinatorial library described in examole "26 ) . 

The immune system uses the bindina of antigen by 
sunt ace immunoglobulin to select the population of' cells 
thar respond to produce specific antibody. This approach 
or selecting antigen binding cells has been investiaated 
~° N 1 r rial possibilities and 

so increase the chance of recovering the original 
oomsxaotion of heavy and light chains. 

The or c.vrui. eg rassor^e v.s the hasten 4~hydroxv~ 

bee K-.-ivriy 

studied. Since the primary immune response to np uses 
only a single light chain the applicants were able to 
examine ; si method usi xed 

rrght cnaan one 3 library of heavy chains to examine tne 
trequem that code - oc as bindina to NIP 

I 4-nyaroxy-d-iodo-~5~nitropnenylacetic acid) . The 
applicants nave thus used ihs system to investigate the 
n s eri.ra of selecting cell populations orior to taakina 
combinatorial libraries for display on obese, 
^eth-ods 

1 ^ ^ _ uga pes 

— ^iin CGG , Sigma, Poole, UK and 

" c% ne * " scoi . oar? an- > 

were conjugated with NP-O-succinimide or NIF-caproate-O- 
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UK s based on the method described by Browns rone 
fBrownstone, A. < Mi fobs. son. N » A . and Pitt-Rivers, E. , 
Immunoloov 1966, 10: 455-492). The activated eompoonos 
5 were dissolved in di$ 5 1 Tt proteins 

Donate. < i ixed wi 
constant aoitatlon for 16 hours at 4*C end then dialysed 
aqainst severe! changes of 0-2 H sodium hydrogen 
carbonate. They were finally dialysed into phosphate 
10 buffered saline (PBS). The conjugates made were NP 12 CGG, 
MT-» x sa he v ~ ieri^ itiv« -.'as s 

bietliV.yiated using cPblotinylation kit purchased from 

i tharn {Mmxshm International , Arasrahant, UK} - 
2.2 ; y ariqn 

1-5 -\ ~ srr.r CS*\tt ^ were immunised by 

intraperitoneal injection of lOOpg NP-CGG in Complete 
Frennds Adjuvant at 10 weeks of age. 
\ 

"~" SeveTTdavs after immunisation ceils froo the spxesn 
20 were prepared as described by Geifre and Milstain 

. 1981. 73:3- 

Red cells were ivsed with sssoniuts chloride {aoyie, 
w. Trar.soiantat.lon 1968.6:71} and when ceil selection was 
performed dead ceils were removed by the method describes 

25 by von Boehmer and Shortman (von Boehmer.. H* ana 
Bhortman, K, J. Immunol, Methods 1973; 1:273), The cells 
vers suspended in phosphage buffered saline (PBS), 1% 
Bovine serum albumen, 0.01% sodium aside: throughout all 
ceil so iocs son procedures the calls were kept, at 4*Q in 

30 this ".odium. 

nflon 

t v , ». v - . p..e > n 

couDlec a; . hearts { Dynaneuds H280 S::cp i — 

Dyna.) si * v orwa* - - with tOOug 

35 of hiotinylated protein for 1 hour., with occasional 
saltation, and then washing five time; > . nouns 

antigen. The coupled beads were stored at 4*C in medium 
until required. For selection of antigen binding ceils 
the calls < 2-4*10 '/»*> were first incubated for 30 

40 minutes with uncoupled beads, at a bead; cell ratio of 
lei, to examine the degree of non-specific binding. The 
beads were then separated by placing the tube in a 
magnetic device (MPC-E Dynal } for 3-5 minutes. The 
unbound ceils were removed and men incubated warn MP- 

4 5 SSA coupled magnetic beads, at a beach cell ratio ot 
0.1:1, for 60 minutes > with occasional agitation. The 
beads and resetted cells sere separated as described 
above. The beads were then reswspended in 1 mi of medium 
and the separation repeated: this process was repeated 5~ 

50 7 -times until no unbound ceils could be detected when 
-iountcu en a as n< rr. 

For' the depletion of surface immunoglobulin positive 
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calls the cells were incubated with 20ug biotinylated 
goat ant i -mouse polyvalent immunoglobulin (Sigma,. Poole, 
UK). The cells were then washed twice with medium and 
added to streptavidivin coupiad magnetic beads at a heed 
3 to cell ratio of 30c X. After 30 minutes incubation the 
heads and resetted cells were separated by applying the 
magnetic device three times ~ taking the cant each 

time. 

r> N * -*« «J„i> ^ ' ^ 1 ^ n cioninc 

10 DNA was prepared oy < xn-p sro: einsse-K 

method that was particularly convenient for assail numbers 
of cells (PGR Protocols ; A Guide to Methods and 
Applications. Sd Innis M.A., Gelfand D, K. , Sninsky J,J, 
and White t, j. Academic Press), ena preparation and 
a; ; 5 ;ue.nt cDNA synthesis was performed as described by 
Gharardi at al (Gharardi E., Panneii R, and Riletein c, 
J, Istmunol. Methods, 1390, 126 t 61-68}. PCS and cloning 
of the heavy chain libraries was performed us too the 
primers and conditions described by Ward et al (Ward, 

20 S.S«, Gas sow, P., Griffiths, A»D« , Jones, F.T. and 
Winter,, G. , Nature, 1383, 341; 344-546); 40 cycles of 
FCR amplification were performed. The UH and Fv 
expression vectors used were adapted from those 
previously described by Werd et al. They were both 

25 subcioxwad into pOC119 (Veira and Messing see later ) and 
the Fv expression vector was modified to include a 
germiine lambda- 1 light chain (obtained as a gift from tv 
simon (originally cloned by Siegfried Weiss, Basel 
Institute of Immunology } } . THe vector is shown in Figure 

30 S3, 

.-ISA 

' oxc colonies were picked into 
individual, ^eils of microti tre plates ( Bibby } in 200pl 2 
- ; ~ v Ampicillln 100ug/ml/0.1S glucose and than incubated 

35 at 37*C for 5-6 hours with aaitatlon, Xsooronyi-B-D- 
thiogaiactopyranoside { I PTG f Sigma, Poole ., UK ) «ss then 
added to 5 final concentration of 1 mM and the incubation 
continued for a further 16 hours at 30*0 before 
harvest! nq • r.c suparnarants . The wells of Falcon ELlSft 

40 plates (Benton Dickenson,. N„ 3 , , USA ) were coated 
overnight at room tempera turn?, with NIP 1 q<~SSA { 40ug/ml in 
PBS) and then blocked with 2% skimmed milk powder' in PBS 
for 2 hours at room temperature. The bacterial 
added and incubated at room temperature 

45 for 1 hour and then the plates were washed three times 
with PBS, Peroxidase conjugated -Goat ant i -mouse lambda- 
irn so> r-c mig us S* a added 

and again incubated for 1 hour at room temperature before 
washing sis tissas with PBS and then developing with 2.2'~ 

50 \< o c ~6~s u 

Poole, UK) as the peroxidase substrate. The optical 
density at 40Snm was measured using a Therwomax 
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microoiate reader (Molecular Devices, mnlo Pars, USA } 
after 30 minutes. Western blotting using tne e-terstixnai 
•j«vc tac as described in example 27 „ 
3,1 -^r ~„ RH A/DN& and - * 

Fh^""Te'suits^oT'>ir3tiqerrieiection are shown in Table 
13, Less than 1% of ceils sine to N1F-BSA coated beads 
and the non-specific binding is very low- Assessment ox 
the proportion of expressed genes from each VH Library 
nsxng western blotting snowed that full length VH domains 
ia&c& expressed in 95%' {.19 20) of aid clones when RNA was 
used as the starting material but only 60% (12/203 of 
clones when SNA {either selected cells or from total 
soieeo; was used as the starting material. This 
difference probably results from the fact that many re- 
arranged oseudoaenes could be amplified with onr primers 
and it appears that there must be some degree of 
selection, at the level of transcription, for functional 
a ones , • 

A variable number of clones from each type of 
library were screened for the production of Fv fragments 
that bound to HIP, Initial screening ELlSAs were 
ner formed and positives taken to include those with an 
optical density of at least twice the background. /The 
initial positives were rattans-formed and the d 
checked in duplicate; it was confirmed that the nindang 
was specific to NIP and -not to SSA. The frequency ox 
confirmed positive NIP binding clones * 
material are shown, in Table 14, ' Using DMA as the 
starting material for the PCR a : 8t| t&on is 

approximately equivalent to sampling the cells present ss 
there is only one functional, re-arranged heavy chain gene 
and at most one re -arranged pseudogene per S-cell. 
Amplifying from the WHh of an animal of course biases the 
repertoire to the reacting B-eells end in a recently 
immunised animal this would be expected to give some bias 
towards the immenogen, The data in Table 14 clearly 
shows how powerful this selection is with the number of 
antigen specific genes being enriched at least 9 b toad 
whW'pNA made one week after primary immunisation is used 
as the startino material. The data also show that 
selection for antices binding cells also provides an 
alternative powerful method of selection for the required 
cenetic ctarrinc material. 
3 . 2 Cc - * 

TO famine Che cellule* dasj si the exectxon 
achieved by using HNA as the ta ting laterls we 
depleted the spleen of surface immunoglobulin positive 
ceils using biotinyiated anri- polyvalent immtmog iofculin 
an a s t r a or a vi a i u P t i D t FACS 

analysis asm demonstrareo Char this method removed over 
96% of surface immunogxobui xn positive ceils- SNA was 
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prepared o f ucd and 

non-depleted factions of a spleen and VH libraries made 
from each. The ELI SA results ( Table 14} show that the 
number of positives is certainly not decreased by this 
5 depletion suggesting that the major portion of the 
selective effect of using BNA may come from surface 
iasaunoglobulin negative G-cells (probably plasma ceils), 
signs 

The applicants have demonstrated the importance of 

10 the amplification of specific rna produced by 
immunisation to enable binding activity to be obtained 
with any reasonable frequency from \a combinatorial 
library. i = \pi i cants have also demonstrated an 

alternative strategy which mimics that of the immune 

15 -system itself. Using a simple method of selecting for 
antigen binding cells gave comparable enric > .$ 
the added advantage of using a broader range of genes. 
At first eight the random combinatorial a per each " would 
appear unlikely to produce the original combination of 

20 heavy and light chain because of the vast diversity of 
the immunoglobulin genes. The applicants show here,, 
however , that following immunisation r with a good 
antigen, 10% of the VH genes from total splenic ~ m& 
isolated come from antigen specific cells so the 

25 affective sise of the repertoire is greatly reduced. 
This together with the fact that promiscuity of the heavy 
and light chains occurs < examples 21 and 22} accounts for 
the fact that combinatorial system does produce antigen 
binding clones with reasonable frequency. The data also 

30 suggests that the balk of the antigen specific RNA cosaes 
from surface immunoglobulin negative ceils which are most 
likely plasma ceils, 

The data also show that this simple method of 
act;, sea scission may be useful in red sex no the 

35 complexity of the combinatorial library, in this case an 
enrichment of antigen specific genes of at least 56 fold 
has been achieved which in the normal case where heavy 
and light chains are unknown would result in a reduction 
of the complexity of the combinatorial library bv a 

40 factor of over 3000. A further advantage of using 
antigen selected cells {and amplifying from DNA to reduce 
any bias due to the state of the cell } is that this 
results in a broader range of antibody genes amplified. 
It may be that a simple ceil, selection such as that the 

45 applicants have described hare in combination with phage 
selection would he ideal , From this example it can be 
seen thar by combining ceil and phage selection methods 
one could reasonably aspect, to screen all the 
combinations oi heavy and lioht chain ( approximately 

50 * 0 and would thus he ahle to screen ail binding 

combinations although this would not, at present, be 
oesible from vhoie spleen { approximately 4xi0 14 
combinations., assuming 50% H-eells), 
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Table 1 . Enrichment: of pAb ( Dl , 3 ) from vector population 



INPUT RATIO* 


OUTPUT ebtio 






©2 igo~ 


ELISA* 




pm*. gd-cATi 


pAfe: total phage 


p&b : total 

P$£9» 














43/124 




l„3xlG 3 








l,03ClO a 












197/372 






U 4x3.0 


90/35S 


■&f** 




: '4x10' 


27/183 


JfM ... 


5.9x10 s 


l:ixl'.y 


13/27? 




1,3x1.0 s 



Footnotes: a Approximately 10 12 phage with the stated 
ratio of pAb (331,3) : FDTPs/Bs war© applied to 1 ml 
lysoKyme-sepharose columns?, washed and slated. b T81 
cells .were Infected With the eluted specific binding 
phage and plated onto TY-tet plates. After overnight 
incubation at 3G~37«C, the plates were axialysed by 
hybridisation to the 32 p, labelled oligonucleotide VK1FOR 
(Ward ®t si op cit) which is specific to pAb Di„3„ « 
Single colonies from overnight plates were grown, phage 
purified, and tested for lysoryme binding. ^Enrichment 
was calculated from the oligonucleotide- probing data. 
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Table 2 Enrichment of pAb {01,3) £*©m. mixed p&fo population 



Input E&tiot 
( p&bf>l . 3 ? pJ&NQU } 


Output Katie 2 


EgrJLchmsn* 


Single Hound 






1 : 2.5 x 10* 


18/ 


0.9a x 10' \ 


1 : 2,5 x IG 1 


3/770 


0.9? x l"y 


I i 2.5 x 10 s 


0/1X2 




pAb NQXi only 


°'4«> 


„ 


Second Hound 






1 s 2,5 x 10* 


119/ 


1,75 x 10* 


X ; 2.5 x 10 s 


101/130 


1.95 .5? 10 s 


1 : 2.5 x 10* 


102/ 


1.26 X 10 & 


1 i -2.5 x 10' 


0/2 




1 : 2.5 x 10 s 


0/2 




p&b HQ11 only 


70 





Notes 

1, 10«> phage applied to a Xysozym column as in table 

1. 

2. Plating of cells and probing with oligonucleotide as 
in table 1, except the oligonucleotide was 
B1.3CDR3A. 



Table 3x Smyrna activity of phage-enzyme 



input 


ng o£ enzyjae 


Rate 
C OD/hr } 


No, of 
molecules 
Of Enzyme 




Pure Exisyss© 


335 


34 


24. 


Puts Bu^ss© 


177.5 


17.4 


12, " : " | 




88.7 


8,7 


6.125 


Pure Exr&fme. 


44.4 




-3,0 






1.8 


1.5 




11. 1 





0-75 ! 




0 


0,005 


0 




1*83x10" 


Aril 






i.oaao*» 


0«155 


0 . 112 


f d ~ phoAlaX66/KS272 




10.32 


7 . 33 




8.2x10" 


0,038 


0,0: 
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Table 5 



wo n/mmi fc*vgb9 » mm 

m 

S$&M% SMMM& Phage enzyme 

(Bala from Chasdaroglu (Data from this stadv's 
et al 1981) 

PhMmm ?hoMM6 ptoAcgiM ahoAMM 

K m {uM) 117 1620 73 1070 

Relative K m ! 127 1 14.6 

Relative i 037 ! 0.360 

km 

Relative I 0.0032 I 0,024 

kcat/'&m 



of soluble aod ph*se-bot>»d 
Relative values of k m and K m for ihe 
soluble enzyme and for the phage mmma were derived by 
comparing with the values for wild type ensvme (phoArgl66) and 
the ph&ge-wild type enzyme (fdphoArg!66). 



wo nrmmi 



PCT/GB9 1/01134 



Activity of Phage Samples 
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C C a a s it u c t : h ost.) 


INPUT PHAGE 
PARTICLE 


RATE 

(pmol substrate 
cob vert ed/ra i n } 


SPECIFIC | 
ACTIVITY 1 
(moi sstmrste 
con verted/mo! 
phage/min) 


fdphoArg!66 
:TG1 


2,3 


8695 


3700 


:TG1 


.3.-6 


2111 


3 80 


fdohoAiai'66 
:KS272 


1 J 


2505 


1 400 


fdCAT2: 
TGI 


3,3 


<] 


<03 


fdCAT2: 
KS272 


3,6 


7 0 


12 
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Ilfelf IL Affinity chromatography of ..pfaage-enzyjags 



SAMPLE 


1'N'FECTfVITY 
(Percentage of 
phage particles 
which are 
infectious ) 


IMPUTFHME 
PARTICLE 


otrrptrr phage 

PARTICLE 
Cxi 0*1 


fdphoArg!66 


0.37$ 


51 


3 0 


,fdpiioAlaI66 


Q.26 % 


3040 




fdCAT2 


4.75% 


40 
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sub 

Nueleoiuie mutation Amino acid mutation: 
(base position] 



308 A!a->Val <YP JF13) 

703 Tvr~>A$p (VL CDR3) 

706 m~> % (vl cmm 

724 GIy~> Ser (¥L F14) 

725 Gly-> Asp {VL FR4) 
734 Thr~> lie {VL FR4) 



Number 

3 

I 

i 

21 
3 
i 



Table 9 Mutations m scFvBIS selected by display on phage 
following growth in mutator strains 
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mm/mm? 1§ 3 



of pAbNQtt frmm pAfeM.3 telcgrmtf by 



affinity geteetititt 


iusifi$j 0x»BSA biotinylated' with, a 


cieavabie reagent 


aad binding to streptaridin 


mapsetie 


beads 






Input Ratio 1 


Outmu Ratio- 
— v ^0- 1^ *uge» 


, - hm&ni 


W. ........ ... 


. - ...... 


m 


-2350:1 


s^m 


m 



h J,9x!0' :< pdage m 0.5m! mixed tor ihour with 5sjI 

heads precoaied »r "UiiLsr fGX-BSAi. 

1 Catoows probed w«fe tfce otfgcmueteotsde MQ1 
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s3 



of Cdb 
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1, A method of producing a mul timer ic tsetntaer of a 
specific: binding pair ( stop ) , which method comprises; 
expressing-: in * a recombinant host organism a first 
nolvpeotida chain of said sfep member or a genetically 
diverse popular ion ci: that rype oi sbp member ~f used to a 

sponsnt ot a < itie display packagi 

(race) which thereby displays said polypeptide at the 
urfaee of th ecombinant 
host organism a second polypeptide chain of said mui timer 
and causing or allowing the polypeptide chains to come 
together to form said mux-timer as part of raid rgdp, at 
least one of said polypeptide chains being expressed from 
nucleic acid that is capable oi being packaged using said 
component: therefor., whereby the generic material sf each 
said rgdp encodes a said polypeptide chain. 

2, A method according to claim 1 wherein both said chains 
are expressed in the same host organism. 

3, h method according to claim 2 wherein said first and 
second chains of said mui timer are expressed as separate 
chains from a single vector containing their respective 
nucleic acid* 

4, A method according to any one of claims X, 2 and 3 
wherein at least one of said polypeptide chains is 
expressed from a phage vector. 

5 , A method according to any one of claims I to 4 wherein 
at least one ot said polypeptide chains as expressed Srom 
a phaoemid vector, the method including using a helper 
phage,, or a plasmid expressing complementing phage genes, 
to help package said phagemid genome, and said component: 
of. the rgdp is a capsid protein therefor. 

6- A method according to claim 5 wherein said eapsid 
protein is absent, defective or conditionally defective in 
the helper phage. 

7. A method according to any one of the preceding claims 
which comprises introducing a vector capable of as pressing 
said eirst polypeptide chain into a host organise which 
expresses said second polypeptide chain in free farm, or 
introducing a vector capable of expressing said second 
polypeptide in free form xnte a host organism which 
expresses said first polypeptide chain. 

8, A method according to any one the preceding claims 
wherein each said polypeptide chats is expressed from 
nucleic acid which is capable of being packaged as a rgdp 
using said component fusion product, whereby encoding 
nucleic acid for both said polypeptide chains are packaged 
in respective rgdps. 
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9- A method according to any one of the preceding claims 
wherein the nucleic acid encoding at least one "of said 
first and second polypeptide chains is obtained from a 
library of nucleic acid including nucleic acid encoding 
3 said chain or s population of variants of said chain, 

10. A method according to claim 9 wherein both the first 
and second polypeptide chains are obtained from respective 
said libra? • * nucleic acid, 

10 

11. A method of producing a member of a specific binding 
P ^ stop i eg s nucleic acid Lii ucieis 
aord encoding said she member or a genetically diverse 
population of that type of stop member, which method 

lb comprises? 

expressing in recombinant host cells polypeptides encoded 
by said library nucleic acid fused to a component of a 
secreted repiicable genetic display package <rgdp) or in 
tree form for association with a polypeptide component of 

20 said sbp member which is expressed as a fusion to said - 

component, so that the rgep displays said she member in 
tunctionni form at the surf see of the paekaue, said library 
nucleic acid being contained within the host cells in a 
form that is capable of being packaged using said rgdp 

25 component, whereby the genetic material of an 

displaying an sbp member contains nucleic acid encoding 
said sbp member or a polypeptide component thereof . 

12. A method of producing a member of a specific binding 
30 pair (sbp), which method comprises? 

expressing in recombinant - < 1 nucleic acid encodina 
said stop member or a genetically diverse population of that 
type of sbp member, wherein the or each said stop member or 
a polypeptide component thereof is expressed as a fusion 

35 with a component of a secreted repiicable caustic display 
package (rgdp) which displays said sbp member at the 
surface of the package, nucleic acid encoding said sbp 
member ox a polypeptide component thereof beinc cents: • 
within the host eel 2 * » r-rm that is capable of being 

4u s v i ?dt when to* 

material of the rgdp displaying said stop member encodes 
said stop member or a polypeptide component thereof, said 
host organism being a mutator strain which introduces 
genetic diversity into the sbp member to produce said mixed 

45 population* 

13. A m her of a specific binding 

expressing in recombinant host cells nucleic acid encoding 
50 sembe « : l versa x it ion oi that 

type of sbp member, wherein the or each said etc member or 
a polypeptide soms o s as * fusion 

with a component sf a netio disola-v 

said stop member in functional 
15 form at the surface ox the package, nucleic acid encoding 
said stop member or a polypeptide component thereof tosinc 
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contained within the host cell In a form that is capable 
of seine ? : cos; xereby th* 

genetic material of the. rgdp displaying as bp member 
: e s memh rap thereof, 

said fus 1 tein 

the rgdps being formed with said fusions in the absence of 
said capsid protein, expressed in wild -type. form. 

14. A method of producing a member of a specific binding 
oaxr ssbp"* which me prises; 

expressing in recombinant host ceils nucleic acid encoding 
said sbp member or a genetically divers® population of that 
type of sb| j where thi a sac J mber or 

a" polypeptide thereof is \. ; sad as a fusion 

with a component of a secreted rpr display 
package (reap) which displays said sbp member at the 
surface of the package, nucleic acid encoding said sbp 
member or a polypeptide component thereof being contained 
within the host cell in a form that is capable of being 
packaged using said rodp component , whereby the genetic 
material of the rgdp displaying an sbp member encodes said 
sbo member ox - ponent thereof said sbp 

member or polypeptide component thereof being expressed 
f rom a phagemid as a ca nt a -sage ax 

a plasmtd eafioress ^ phaje qe<-es xs us»uo 

along with said capsdd fusions to package the phagemid 
nucleic acid. 

IS* k method according to claim 14 ,. wherein said capsid 
protein is absent, defective or conditionally defective in 
the helper phage. 

X6» A method according to any one of claims 13 to IS 
wherein the host cell is a mutator strain which introduces 
r ty Into me sbp member nucleic acid, 

17. A method according to any one of claims 9 to 2.8 
wherein said library or genetically diverse population is 
obtained from % 

(A) the repertoire of rearrange 

of an animal immunised with complementary sbp 



! ii) the rs 

^imai not Uontmiaed with cc try sbp 

member , 

(Iii) a repertoire of an artificially rearranged 

immunoglobulin gene or genes, 
(iv) a repertoire of an immunoglobulin homo leg gene 



(v) a mixture of any of (i), ( ii } , (iii) and (iv). 

A method according to any one of the preceding claims 
erein sa . r s . . > ^nn wcxen is, or is 



homo xo goes 



lobulin dom 



h of 
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wherein the rgdp is a. bact - phage, the host is p 
bacterium, and said component of the roup is a capsid 
protein tor the ha hag©, 

20. A method according to claim 19 wherein the phase is 
a t — am; jus j ' 

21. A method according to claim 20 wherein the ohape is 
selected from the class I phaoes fd, Ml 3 , f 1 , If! "ike 
Z3/Z,. Ff and the class II phages X£ f Pil and P13, 

22 ' h method according to claim 20 or claim 21 whe^in 
said sbp member or polypeptide chain thereof is expressed 
as a rusxoc with the gene III capsid protein of phage fa: 
or its counterpart in another filamentous phage, 

23 , a method according to claim 22 wherein said son member 
or poiyps - ;haia thereof is inserted in the 
region of the mature capsid protein downstream of a 
secretory leader peptide. 

24* A method according to any one of claims 19 to 23 
wnaram the host la E.cc-li. 

25 , A method according to any one of the precedincr claims 
wnerexn nucleic acid encoding an sop member poivoeo i - 
linkea downstream to a viral caosid protein through a 
suppressive translations! stop codon, 

25. A method according to any one of the preceding claims 
wnerem the rgdps formed by said agression are selected 
or screened to provide an individual sbp member or a mixed 
population of said sbp members associated In their 
respective rgdps with nucleic acid encoding said sbp member 
or a polypeptide chain thereof. 

27, a method according to claim 26 wherein the rgdps are 
selected by affinity with a member complementary** to said 
sbp member. 



28- A method according, to claim 2? which cosmrises 
recovering any rgdps bound to said second member by washing 
with an eiuant . 

29. .A method according to claim 28 wherein the ©Xuant 
contains a molecule which competes with said roan for 
binding to the complementary sbp member. 

30. A method according to any one of the claims 2? to 29 

^ " N app^ ? j t j said 

memoer in the presence of a molecule whicn competes with 
said package for binding to said complementary sbp member. 

31. A method according to any one of claims 26 to 30, 
whexacn nucleic acid derived from a selected or screened 
reap is used to express said sbp member or a fracment or 
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derivative thereof in a recombinant host organise 

32. h method according to claim 31 wherein nucleic acid 
from one or ©ore rgdps ^s taxae ^nd usee 

5 encodinq nucleic acid in & further said method to obtair 

an individual sbp member ox a mixe 5 on of sbp 

members, or encoding nucleic acid therefor. 

33 x A method according to claim 3X or claim 32 wherein the 
10 expression end product is modified to produce a derivative 
thereof . 

34. & method according to any one of claims 31, 32 arid 33 
wherein the expression end proa ? n lerivstlvB th< 
15 is u„> prepare i j pentic or prophylactic medicament 

or a diagnostic product. 

33. Recombinant host ceils harbouring a library of nucleic 
acid - " fragments en s dis j 

70 diverse 'population of a type of member of a spec: 

bindinc pair (sbp), each sbp member or a polypeptide 
component thereof being expressed as a fusion with a 
component of a saeretaPie repiicable genetic display 
package (rod? so hat sic bp members as 

26 surface of the rghps in functional form and tb 

material of the rgdps encode the associated sbp member or 
a polypeptide component thereof . 

36. Recombinant host cells according to claim 35, wherein 
30 said type of sbp member are immur 

immunociobnlin homoiogs.. a first polypeptide 
is expressed as a said fusion with a component of the rgdp 
and a second polypeptide chain of which is expressed in 
free form and associates with the fused first c, 
35 chain in the rgdp. 

37. a helper phage whose genome lacks nucleic acid 
encoding one of its caosid oroteins, or whose encoding 
nuclei aid therefo: bare tive ~r hich 

40 encodes suae caps-id protein in defective or conditionally 
defective form. . 

38. A bacterial host cell containing a filamentous phage 
genome defective for a caps id protein thereof and wherein 

45 trie host cell is capable of expressing capsid protein 
complementing said defect such that infectious phage, 
particles can be obtained therefrom. 

acta 3 « coord in o ciai 38 wfa 

50 complementing capsid pxxstein is expressed in said host 

from another vector contained therein. 

40. A bacterial host ceil according to claim 38 or claim 
39 wherein the defective capsid protein is gene III of 
ohage fd or its counterpart in another filamentous phage. 
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41. Recombinant E.coll TGI MX3KG? qXIX No, 3 (HCTC 
12478 } , 

42. A phage having the. form of a rapXicable genetic 
fspiaj n s ur£a< s i motional 

form a member of a specific binding pair or a faiadinq 
3a$&in th®j col . 



43, A kit for use in carrying out a method accordi.no to 
10 any one of claims 1 to 34, said kit including i 

(i) at least one. vfedtor having an origin of 
replication fox 

a restriction site for insertion of nucleic acid 
encoding eald s.bp menuser or a p< 

*5 component thereof in the S f end region "of the 

mature coding sequence of a phage eapsid protein, 
and with a secretory leader sequence upstream of 
said site which directs a fusion of the eapsid 
protein and sop polypeptide to the periplastic 

20 space of a bacterial host? and 

(ii) ancillary components required for carrying out 
the method. 



W© 92/81647 



PCF/GB9 1/01134 




^•LiSTirUTE SHEET 



\mmmm7 



FOV G B9 i /01 1 34 




wo m/mmi 



PCT/GB91/0tl34 




fd~t@t 

cleave with BstEH 

■s 

ffli in with Kienow 

5 

re4rgat*. 

! 

FDttBst 

in vitro mutagenesis Coiigo 1) 
f 

F0TPs/8s 

in vitro mutagenesis Cohgo 2) 
f 

fOTPs/Xh 

eyeerrruTE sheet 



won/tmm 



o ^~ 



< 



> I3 
<£ 



o x 



is 
o < , 
w ! 

-J 15 £ 



g _ y t 



1$ 



lb 15 



id 



O ID 



u: 



N 



wo nmmi 



PCT/GB$!/0n34 



10 20 30 40 50 60 

SphX 

P@IB l«a£** 

^A^Sa^2^JL.....L..^L^ h .0 E-.^ M h Q V q L Q g s 

OTtmTromT^^ team : *mhsjx:& 

70 80 m 100 no 120 

PstX 

O P Q X, V A P S 0 B L S 1 T C T V S G F 

^30 140 ISO 160 170 180 



S L T G Y G V N W V R Q P P 0 K G L E W 

200 2X0 220 230 240 
VHDX.3 

L 0 M I W G P G H T D Y E B h L IE B R h 

250 260 270 280 290 300 



S X S K P H SI K $ Q V F L k M H S h H T 
310 320 330 340 350 360 



D D T A R Y Y C A R S R D Y R L D Y W G 

370 380 390 400 410 420 

Linker Riptide 

Q G T T V T V S B fi g G Q S C S q a g s G 

430 440 450 460 470 480 

BatBXX 

g .g. -g. 5 D I E L T Q: 8 P A S L S A S V G 

ggtggcgg * HS»0 - ^CTCCenTGltsca'KJK^gaA 

4^0 500 510 520 530 540 



SW^TO SHEET 



WO 92/0104? 



rcr/GwnmtM 



%5 



Fig. 5 am £ 



5 T V T I T C R A S G it I K H Y L A W Y 
550 560 mo 580 590 600 



0 Q K Q Q K B P 0 L L ¥ Y Y T T T L & P 

610 020 630 €40 650 660 

G VPSRFSGSGSGT 0 Y S L K X !? 

670 6 SO 690 700 7.16 720 



SLQPEDFGSYYC Q H F W S T £» R 

^'30 740 750 ?6Q 7 ?0 780 

MFC Tm {TMBX) 

T F G Q G T K L S I & R BQ'ICT.lgRT? 

800 810 820 830 S4 0 
Xhol 

-~£uJ^ IL. * * 



5. &CGC IBATAAC 

850 360 870 880 



SyBOTTyTS SHEET 



vcr/mm/mm 




FDTSCFV'01-3 

F0TVHD1-3 

FDTPs/Xh 



Volume of phage supernatant f mis) 



Fig 7, 




0 200 400 600 800 1000 1200 



Coating concentrate ! ug/mf) 



SUBSTITUTE SHEET 



WOM/MW7 



Cleavaqe 
Site" 



FigM 



w "S m Y "S» i f « 

HS A Q V Q L Q £ L £ I K R A A A E T V 
--L^4£bUcsggfcc _«garcaaacggg ^AACTGTT- 

ApalJ Pstl Sac I Xhol Not I 



Fig. 9. 



D.D, 405 nm 




a)H£t b)ia clHUL dIBSA e) 
Antigen 



^JBSTITUTS SHEET 



wo mm mi 



FOVGE9 I/O 1134 



10 20 3D 40 50 60 



A 0 L L h h A ft Q p A M . 

70 80 90 100 



120 



G? G LVAPSQSLSITCTVS« F 
Ii0 140 - 150 160 170 180 



S h T G Y G V N W V R Q P p G K Q L F W 
190 200 210 220 230 240 



L G M 1 W G D G J>! T D Y ® $ A L K S R L 

C1G3GA sci&r tgaxyx^oa~ a k.ya 

250 360 270 280 290 300 



S I S K D N S K. S Q V F L K M M & h K t 
310 320 330 340 350 360 



D D T A R Y Y C A R I R D Y R L D Y w Q 
3?0 380 39Q 400 410 420 



QGTTVTVS" S A S T K G P B V F P L 
GVK33CACCAi3XM^^ 

440 450 460 470 480 



OA scree m&L : 333 G : , > . , 

490 500 510 520 530 540 



SUCSTI i'UTH SHEET 



WO 92/81047 



PCT/GB9I/81I34 



Fig.WcBnW) 



YFPEPYTYS WMSGALTSGV H 
550 560 570 580 590 600 



TFPAVLQSSGLYSLSSVVTV 
610 620 630 640 650 660 



P S S B h G T Q T Y 1 C N V N H % P B B 
670 gSO 630 700 710 720 



f K V D K K V E P K S S * * 

730 740 750 760 770 780 



M K Y L L P T & A A G L 
790 800 810 820 830 840 



L L A A Q P A M A D I E L T Q S P A 8 
850 860 870 880 890 900 



E T V T I T C R A 



920 



3GM7APIG 
950 950 



if Y L A W Y Q Q K Q Q K S P Q L L V Y X 
970 980 990 1000 1010 1020 



\vonmm~ 



f*CT/GB9i/&H34 



T T T I, A D G V P SRFSG5GSGG Q 

~ „ . ^ ^ \_ % > ^ ^ , * < g^ a v , v v 

1030 1040 1050 1060 1070 10S0 



Y S h K I N S L Q P E D F G S Y Y C Q H 
1090 1X00 1110 1120 1130: 1140 



P W S T P R T F G G Q T K L E X K. R T V 
1150 1160 1170 1XS0 1190 1200 



A A P S V F X F P P S D E Q L K S G T A 
1210 1220 1230 1240 1250 1260 



S V V C L L N B F Y FREAK V Q W K V 
1270 1280 1290 1300 1310 1320 



DNALQSGNSQESVTEQDSK.D 

s^Maxns^^ . - * via- 

1330 1340 1350 1350 1370 1380 



S T Y S L S S T L T L S K A D Y E K H K 
AA,GGG^ A~^ V\- -AG 3 AO A *A;G\A1 VA .o\T^;V«; 
1390 1400 1410 1420 1430 1440 



V Y A C £ V T H 0 & L S 8 P V T X S F N 

A^AGmcx^crxom*^^ 

1450 1460 1470 1480 1490 1500 



RGBS* * 
1510 1520 



WO 92/01047 



PCT/GB91/QH34 



Fig.10cont(3) 



in: i : . 



■2/I 



FabDl.3 in pUClj) 



% 77. 



3 u 



-..Aiiiawiii^Sl.' ? 



K Veetor 

m FdScrvtOX} 

D FdVHCHI (D13) 

m Fd FabCDl 3) 

O Fd Scrv {01.3} 



wo nmnw 



Fig. 12. 



ci !«c;T!TIJTE SHEHT 



WO 92/01047 



FigM 



0 

CAG 

S 
•tct 


V Q 
CTG CAS 

L R 
OTG ASA 


h Q E S G .6 G 
CTG...CAG GAG W GGA GGA GGC 
SsfcX 

X> B C A T S G 
CTC TCC TGT GCA ACT TCT GGG 


L 
TTG 

F 

TTC 


V 
GTA 

T 
ACC 


CAG 

F 
TIC 


P 
CCT 

S 
ACT 


G 
GGG 

S 
AAT 


GGT 

y 

TAC 


T 
TAC 


M G 
ATG GGC 


W 
TGG 


V- R Q P P s 
GTC CGC CAG CCT CCA GGA 


& 
AAG 


A 
CCA 


CTT 


E 
GAG 


ft' 
TGG 


L 
TAG 


G 
GGT 


s v 

TCT GTT 


R 
AGA 


$ K V $ 6 Y 
AAC AAA CTT AM* GGT TAG 


T T 
ACA ACA 


B 
GAG 


Y 

TAC 


S 
AGT 


A 
GCA 


S 

:::ct 


V K 
CTG AAC 


G 
GGG 


R F T X S R 
CGG TTC ACC ATC TCC AGA 


D 
GAT 


H 
AAT 


F 
TTC 


Q S 
CAA ACC 


I 

ATC 


L 
CTC 


Y L 
TAT CTT 


Q 
CM 


I H T LET 
ATA AAC ACC CTG AGA ACT 


E 
GAG 


0 
GAC 


S 
AGT 


A 
GCC 


T 
ACT 


Y 
TAT 


X 
TAC 


C A 
TGT GCA 


R 
AGA 


G Y D Y G A 
GGC TAT GAT TAC GGG GCC 


W 
TGG 


F 
TTT 


A 
GCT 


Y 
TAC 


W 
TGG 


G 
GGC 


Q 
CAA 


G T 
GGG ACC 


L V T V S 8 




8 S 


I. » 


8 § 




* 






i E L T Q T 


p 


L 


S L 


P V 



- ' "~ " k GCC % s GA CTC VG CCI GTC 

S&C1 

SLGDQ A SI SCRSSQS1 
AGT CTT GGA GAT CAA GCC TCC ATC TCT TGC AGA TCT AGT CAG AGC ATT 

V H S 39 G N T Y L E W Y L Q K ? 
GTA CAT AGT AAT GGA AAC ACC TA1 TTA CAA 1 I - CCA 

PStI 

G Q S P K L L I Y K V S N R F $ 
GGC CAG TCT CCA AAG CTC CTG ATC TAG AAA GTT TCC AAC CGA TTT TCT 

G V ? D R F S G S G S G T D F T 
GGG GTC CCA GAC AGO TTC AGT GGC AGT CGA TCG GGG ACA GAT TTC ACA 

L K I S R V E A S D L G V Y Y C 
CTC AAG ATC AGC AGA GTG GAG GCT CAG GAT CTG GGA GTT TAT TAC TGC 

F Q G & H V P X T F G G CTRL 
ttt caa gct „\ , w xr- v v ~, - G v ACC \ 

I 1 K R 
GAG ATC AAA CGG 



SUBSTITUTi SHEiT 



f»CT/CS91/0U34 



0 6 
0.2- 



00 



pAb 
NU11 



Fig.1L 




Antigen 



% 75. 



5' END 

R T p E M P V L 
TCT CAC A6T6CACAA ACT GIT GAA CGG AC A CCA 6AA ACQ CI T GT r CTG 
ApaLI 



3 5 Bf3 

K A A L £ L K 
AAA GCC GCT CTG G6G CTG AAA GCG \fZ y. A GAA ACT GTT GAA AGT etc 
Not I 



SllBSTITOTS SHEET 



WO92/01G47 



Fig.16(1) 



Bam HI 




W BamHI 




Q V Q t Q i £ I £ ! K A 

"* < * . . •■■ ■'■ v — c ' 



Fig.16(2} 



USo-AS GAG GGT GOT GGC 7 C-' 

- » e ... 

C * ' 

" "C " ACT 

<22S^ 5' - qqq GGC GOC TCT 

- 68 T 681 GGT ' 
• " GGC GGC 

GAG ' ' GGC " 

" :< " 8GT - 



?' GAG - GGC GG-. 'CO 
GAG GGT GGC GG 3' 



SUBSTITUTE SHEET 



won/mm-? 



1} PRIMARY PCR *~ 
VH1BACK VKZBADC ^' " 

cQnaI vh T ch " T'ck 

VH1F0R > K?K1(2,4,5)FONK 



Heavy ! kappa 



2) ASSEMBLY PCR 

VH1BA 2L 



MJK1{2,4,$}F0NX 



tinier s (giy gly • gly-glyser i 3 



3) ADDING RESTRICT iON Sr^ES 
VHBKAR410 



JK1{2,4,5)NOT10 



SlIESTITy TE SHSET 



worn/mm? 



PCT/GB91/0H34 



a b c Ml H2 




SUSSTiTUTE SHEE 1 



WO 92/0184? 



%6 




SUBSTftDTE SHEET 



n:uG\mmim 




SUBSTITUTE SHEET 



WO 92/81047 



PCr/GB»1/ftli34 




SUBSTITUTE SHEET 



WO f 2/0104? 



FCF/GB<H/0il34 




SUBSTITUTE SHEET 



wo nmm~ 



PCT/GB91/0n:>4 




SUBSTITUTE SHEET 



wo immmi 



Fig.26(a) 



mm 

f & Sfii 




AMBER 



-DHBNl paly linker - 



L L A A Q P A M A Q V Q h Q 



$fit Veal 
~ ~ *. ^ -| „■ — c*myciag— - 



A A A E 0 K L I S: E S D L li G A A <£■) * 



SUBSIliUTS SHEET 



wo nmmi 



FigM 




iacZ peiB fag gffl 



SUBSTITUTE SHEET 



2 h 



FiffM 



Fab 



VH 
CHI 



Jf° CH 0l :K 



g3p g3p 



vhQ|vk 



3 3p 
scFv 



SUBSTITUTE SHEET 



WO 92/8104? 



KT/GB91/0H34 



Fig.29. 




SUBSTITUTE SHEET 



W€>92/§«4? 



pci/Gtmmm 




" ■■ 1 i r r v r — ! — i — ■»*- t ~ — i — < — ! 

-4 -3-2-10 1 2 3 

Map] tysozyme dilution t 0= lug /mi } 




0 \ j * 



Itogl iysozyme dilution (O-lug/ml) 

sues^ixeTE sheet 



WO 92/0104? 



PO/GB91/01134 




Fig 33. 



1-0- 



is 

1 0-4 - 




■ Phage ol4.6 

11 Phage 014.22 
□ Vector con fro! 



%6 



Fig.M. 




SUScTiTUTH SHEET 



WO 92/01047 



PCT/GB91/0H34 



FigM. 



a 5 c 



s b c d e f 



200 3^ 

92SS^ 

69 

46 3^ 



200 

92-5 
69 

46 »- 






SUBSTITUTE SHEET 



WO 92/01847 



PCX/6 S9 I/O it 34 




mm oo 

SUBSTITUTE SHEET 



wo nmm? 



fcr/GBm/miM 



3 %e 



Fig.38. 




SUBSTITUTE SKT r ~ 



won/mmi 



PCT/GB9 I/O 11 34 




Coating Concentration {ug/mt}of lysozyroe 



% 4a 




30ugM Bug/ml ' 03 ug/ml 
Coaling Concentration of Lysozyme 



SUBSTITUTE SHEET 



pcmmimm 







FigM 




1 2 


97 - 




68 — 


• 


43 - 




29 - 





%42 



A | 8 I C 
1 2 3 4H 2 3 4 1 1-2 




wo nmimi 




fd-fet fd-C04-V1 ftf-CDW1V2 



SUBSTITUTE SHEET 



PCT/GB9 1/01134 




SUBSTITUTE SHEET 



WO 92/61047 




WO 92/01047 



PO7€E91/0IJ34 




Dilution factor 



WO 92/0 J ©47 



PCT/GB91/0I134 



mRNA 



mRNA 



HuigS1-4CH1F0R 



HuClFOR 



1 strand cDNA synthesis 



1st Strand VH-CH1 cONA 
Hu VHBACKMix 



1st Strand VL CL cONA 
HuViBACKM'Bc 



NulgOl 4CH1F0R 



HuClFOR 



HuVHBACKHix 



Primary PCRs 



VH 



• DMA 



^HuVHSACKSfiMix 



Temperature cycling followed by 
amplification 



HuClFOR 



CHI pelB Leader VL 



X 



X 



Ream pi if;: . rn primers 
containing restriction sites 



HuLHrORNot 



Assembled Human Fab with 5 s and 3 i restrict ion sites 
SUBSTITUTE SHEET 



WO 92/81 W7 



PCT/CB91/01134 



Seal 



Hindlll 



p-L promo^/Hind ill 




ctoR] 



Sfil 


linker region 




Hot I 


tf\ "HI 


MM 


_Ji 





?IB VH01-3 HuCHI myc pel 8 VKDV3 HuCK 



C Sequence of linker region 



K P S N T K V 



Hurnan CHI and hir 



'"> > | j"# myc peptide tag j» 

$ G 0 ■£ Q K Is X S E E B L N * * 



M K Y L 



pelB leads 
P T A 



L L P A A Q p A M A D 1 g L T Q S 



%6 

%4S? 



mRNA 



HuJIFGRMi* 



if frand cONA synroes s 



1st Sfrand VH cDMA 
HuVH8ACK2M x 



1st Strand Vl cDMA 
HyVl8ACK2Mix 



HuVHBACK2Mix 



HuJHFORHIx 

| Primary PCRs 



HuJlFDRHiK 



scFv Linker ! — 
Jnker DMA 



KHuVHBACKSfiMix 
VH 



Temperature cydlnq followed bv 
amplification 



scFv Linker 



VL 



tonraming restriction sires 



HuJIfORNotHix 



Human scFv with ^and 3 s restriction 



OUSSTITUTE SHHET 



WO 92/011)47 



PCT/GB9I/G1134 



FigM 



CLONE SI 



4 % 6 




■ 013, 

• OH 

• B1 
81 



HEL 
TEL 

na 

TEL 



CLONE A4 



8 



04---* 




~ 01 3. HEL 

- D1-3:TEL 

- A4:H£L 
• A4-TEL 



-005 -02 -08 <32 125 5 
Coneenfrafion 

SUBSTITUTE SHEET 



PCF/GB91/G1134 



FigM 

10- 




1 2 3 4 5 6 ? 8 9 :<) 
Phage clone 



FigM 



h sp Pm BstEiiHSP mm mi e e 

Psi 8 VH Pet b VI Hyc Tag 



SUBSTITUTE SHEEi 



i 




* fit W « & H 

a a a 2 s a 



susSi'i'i'UTt smai 



i 1 sa im 








IntM, 5 


C07K ; miH ; CUH 




NUCLEIC ACIDS RE; - 
vol. 16, no. 



.6, no, IS, 1988, ARLINGTON,, VIRGINIA US 
p&gts 7583 - 7600; 
SHORT, O.N. ET AL : 'Lambda ZAP a ' 



bacteriophage expression vector wfth in vivo 
excision properties. s 
$«* the whole docu«8«t, especially Figure 1 



11-13,17 



14-16, 
18-21, 
24-43 



PCT/GB 91/01134 



msmah 


~ 8( . r ( 




X 

V 


SCIENCE, 

vol. 246, December 8» 1389 , LANCASTER, RA US 
pages 1275 - 1281; 

HOSE, W.D. ET AL: -'Generation of large 
combinatorial library of the Immunoglobulin 
repertoire in phage Lambda J 
see the whole document 


1-4,17, 
18,35-43 

S~10, 
14-16, 

£4-34 


X 


WO, A, 8 806 830 (SENEX CORPORATION; USA) 


11-13,1? 


Y 


September 7, 1988 

see claims 1-4; figures t>Ji exaaple 1 


3-10, 
14-16, 
18-21, 
24-43 




PROCEEDINGS OF THE MATIONAL ACADEMY Of SCIENCES 
OF USA. 

vol. 88, m 1991, WASHINGTON US 
pages 4363 - 4366: 

RANG, A.S.: 'Linkage of recognition ana 
reolication functions by assembling combinato- 
rial Fab libraries along ph&oe surface, 
see the whole document 


1-43 


Pit 


«D,A,9 0X4 443 (HUSE, mXXm USA) November 19, 
1990 

see the whole document 


1~4S 






M 


see the whole document 


l"43 



NNEX TO Hi FERN ATI k \ ! ^ ' | 
ON' INTER? iTlON.41 PATEN"! \?PLT ITfONNO 

OB 9101134 
SA 40532 

16/10/91 























07-09-88 


££-A~ 0349578 


10*01-90 


WO-A-9014443 


29-11-90 


AU-A- 5073390 
•*v-A- 5S13S9( 

£P~A~ 0425661 
W0~A- 9014424 


18~12~90 
18-12-90 
18-12-90 
DS-05-31 
29-11-90 



W0~A~ 901.4430 29-11-90 



WO-A-9014424 29-11-SB W i 3-N ' 

AU-A- 5813990 IS- 12-30 

61 08 05 n 

W0-A- §014430 29-11-99 

AU-A- BS34490 28-12-90 

WO-A- 9014443 29-11-90 



